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ABSTRACT 

The purposes of this study were, to determine if 
single language instruction was more efficacious than bilingual 
instruction in a science context and to investigate the transfer of 
learning science content and process skills from one language to 
another. Fifth-grade -children from four schools in New Hexico who had 
had bilingual education for at l^east four years were randomly 
assigned to one of four treatment groups^ and were instructed in 
subordinate and superordinate units of Science. Three dependent 
measures were administered. Two measures sampled student p'erformance 
in science activities; one was administered after initial science 
instruction, the other a't the completion of the study. Heasures were 
also administered for student language preference and attitude toward 
science instruction. The major finding of the stu^y was that there 
were no significant -diffei^ences between treatment groups receiving 
instruction, bilingually and those having single language instruction. 
Tjie students receiving total instruction in English did no better on 
the dependent measures than those .students receiving total 
instruction in Spanish, and students receiving instruction in both 
Spanish and English performed just as well as those, instfOcted in a 
single language. The students showed a statistical preference for a 
bilingual .environment as opposed to a monolingual enyiranment. 
(Author/HLH) 
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r 

, The purpos-G of this study was to determine if -single 
language instruction was any more efficacious than bilingual 
instruction in a science context., A main concern of the study was 
to investigate the transfer, of learning science content and process 
skills from'one language to another. Additionally, information was 

• St 

sought on the students* reaction to bilingua-l science instruction. 

The study involved 104 fifth grade- c hi 1 dren from four » 
different schools in New Mexico that had had bilingual education 
for aj: least four years prior to the study. The students were 
randomly 1 ssigned to one of four treatment groups at ^each of the 
four schools. The four treatment groups were instructed in 
subordinate and super'ord 1 na te units of science. 

prior to Instruction all teachers were trained in the use 
and pres-en^ation of selected science units. 
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Thr'ee dependent measures were administered to the students. 
The first <iependent measure sampled the student performance in 
initio'] science instruction. This measure was< admi ni stered 
immediately after stience instruction in the subordinate science 
activities, and each child too4; the individual competency measure. 
The student was required to score correctly on at least'80 Ff&rcen± 
of the measure to meet criterion. The second dependent measure, 
samplexl the student performance on the final set of science 
activities. This measure was also administered individually. The 
third dependefit measure was administered to all students to 
measure student language pVaference and attitude toward science 
instruction. - . 

Alpha was set at .05 to test the following hypotheses: 
*1. Bilingual children instructed in Spanish-will learn 

science content and process skills as well as bilingual 

children instructed in English, but neither group will 

learn the content and process skills as well as students 
♦ instructed bilingually in Spanish and'English when ^crence 

activities are presented in a subordinate and super- 

ordinate order. 

2. Bili-ngual children receiving science instructio'n will 
demonstrate a preference 'for instruction in tv/b''l anguages 
(Spanish and English) rather than instruction in a single 
language. , ' ^ 

The major finding of the study was that there was no 
significant .difference between treatment groups receiving instruc- 
ti^on bilingually and those having single language instruction. The 



students rece-i^ing total instruction in English did no better on 
the dependent measures than those students ^receiving total- 
4 instruction in Spanish, and students receiving instruction in both 
Spanish and English performed just as well as those Instructed in 
a single language. "^The students showed a statistical preference 
for a bilingual environment as op,posed to a jrfonolingual environ- 
ment. This was significant at the ,.05 level. 
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Chapter 1 
INTj^ODUCTION 

The topic of bilinguaVism has been stu^iied extensively; 
howeVer, bilingual education in the United States has been a 
-puzzling but -little studied topic in the research arena, 
Bilingualism and bilingual, education are ndt the exclusive domain 
of the psychologist, sociol inguist, or psycholinguist, but are 
also topics that have caused increasing concern for educators. 

Educators, today and in the future, have the task of 
educating a heterogeneous population that in many instances have 
limited English peaking ability or speak a 'language other than 
£nglish. It has been estimated that there are over five million 
school children in the United States who have English as a (Tecond 
language (USOE, .1 975). An examination of United States educa- 
tional his.tory indicates that, at one time or another, the school 
have felt the inadequacies of trying to promote quality education 
within a populace that is ethnically, racially, or culturally 
different (Andersson and Boyer, 197(r), In overview, with regard 
to bilingual education in various states, it seems that the 
problems of bilingual students have not been clearly articulated 
and have been treated more as isolated incidents to the larger 
problems of education for the dominant group. 
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POLICY DEVELOPMENT IN BILINGUAL EpUCAtlON 

*' 

On January 2, 1 968, the Elementary and Secondary -Education 
Act of 1965 was formally amended to include Title VII, the 
Bilingual Educa ti an - Act . Since that time the federal government 
has declared itself an active parti^^ant in bilingual education. 
Prior to, tliis, there ha?l been some isolated efforts in bilingual 
education, but not until the Florida school systems felt tht full, 
impact of the Cuban refugees was bilingual education for the 
Spanish speaking- considered in earnest ( Civil Rights Digest , 
1974). The Mexitan-American/Chicano* had asked for many years 
that the subject of bilingual instruction be given consideration. 
George I- Sanchez (1951) wrote about his 'concerns regarding the 
education of Chicanos and the various aspects of their segre- 
gation: legally, educationally, and morally. Presently, while 
federal monies have reached only a very small percentage of the 
total school districts that have. qual tf i ed bilingual students. 



*"The term 'Mexican American' refers to persons who were 
born in Mexico and- now hold United States citizenship or whose 
parents or more remote ancestors immigrated to the United States 
from Mexico. It also refers to persons who trace their lineage 
to Hispanie or IndoHispanic forbears who resided within Spanish or 
Mexican territory that is now part of the Southwestern United ' 
States • " , * 

•Chicano' is another term used to identify members of the 
Mexican American community in the Southwest. In recent years it 
has gained a wide acceptance among many persons of Mexican 
ancestry an?l reflects a group idefltity and pride in Mexican 
culture and heritage. In this report 'Chicano' and -Mexican 
American' are used interchangeably." Report VI: Mexican American 
Education Study - A Report of the U. S. Commission on Civil 
Rights , Washington, D.C.: U.S. Printing Office, February. 1 974 . 
(Likewise, in this dissertation, the terms are used inter- 
changeably.) 4 

id . . 



strong support from states has been rather " sl^ow in developing. 
For example, Article XII, Section 8 of the Co'osti tut i an of the 
State of^New Mexico provides for the training of teachers in both 
Spanish and English to instruct the bilingual populace. Section 
10 of that same Article protects the equal right of education for 
Chicano children. The New Mexico Constitution was adopted 
January 21, 1911, and it is the opinion of this researcher that 
little has been done in the interim to enforce the Constitutional 

mandate. Massachusetts, in 1972, required bilingual instruction 

■f 

for non-English-speaking children and Texas began the 1974-75 
academic year with the introduction of bilingual education ( Civil 
Rights Digest , 1974). Many of the recent deyejopments in bilingual 
education ha-ve received impetus from various cQiirt. rul i ngs 
(Lau v. Nichols) (Serna v. Portales) under the^'ifourteenth 
Amendment and the Civil Rights-Act of 1964. C. 

o • 

BILINGUAL EDUCATION. IN PERSPECTIVE 

With respect to the history of educatioi> in the United 
states, there have been many educational experiments and theories 
that have failed, and bi 1 i ngual -bicul tural education, is just as sus 
ceptib'le'to many of the same failings that take aL toll of other, 
educational innovations. Fu^^hernjpre , b'il ingual leducati-on has not 
been without its detractors and there have been -sjsveral arguments ^ 

^ c 

against it. Many pirsorts considered bilingual education un- 
American, not needed, of no econpmicbenefit, or, as a remedial 
program for children. who have some 1 ea.rni ng '^i sab^i 1 i ty . One by 
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one the barriers have been removed. Nonetheless, there are still 
many who are not convinced that bilingual education is legitimate 
instruction, ^ 

Most educators* i n vol ved in bi 1 i ngual -bicul tural education 
are no longer concerned with developing an underlying ratioriale 
for such instruction. ' An abundance of research supports the 
concept of instruction in the first language of the child 
(UNESCO, 19S3) (Modiano, 1968) (Koore, 1 972) ' (Ervi n-Tri pp , 1 973,), 
Educators are now at the*point of asking questions such as: .Is 
bilingual education working? Can the gains i n^^Jbi 1 i ngual educa- 
tion be measured.? Can bilfngual education be expanded to include 
secondary, as well as elementary grades? What e^re the variables 
that one^must isolate to evaluate bilingual programs? 

BILINGUAL EOUCATION--ASSUMPTIONS OF 
LANGUAGE AND-COGNlTldl^. 

In bilingual education the relationship of language and 

intellectual development with regard to psychology, psycholin- 

guistics, and bilingualism is' important. Psychol i ngui sties is 

...interested in the underlying knowledge and abilities 
which people must have in order to use language and in order 
to learn to use language in childhood. ..."underlying 
knowledge and abilities" because language , like all systems 
of human knowledge, can only be inferred .from the careful 
study of overt behavior. (Slobin, 1971) 

Developmental psychologists from the Piagetian school feel that 

language is not essential for intellectual development. Language 

can facilitate or organize experiences but language is of 

18 ^ - 



secondary importance in cognitive development since sensori- 
motor schemata occur earlier ,(Ginsburg and'Opper, 1 969) • , 
Cognitive development takes a natural course with respect to the 
environment, fjoweyer, Bruner (1 965) pointed out that the 
ipstructional environment has more to do with intellectual devel- 
•opment than an environment relatively free of a structured plan 
for i-ntel 1 ectual growth: Language being a major pathway to this 
end/ It is through language development that the child frees 
himself from concrete situations ^o more perceptive and abstract 
elaborations. 

Piaget's notion' of cognitive growth seems at first to - 
put him in direct opposition to exponents of bilingual education. 
Inheld.er et. al . (1 965)' held that linguistic training proved of 
little worth i^n facilitating intellectual development and that the 
postulated sequence of cognitive development by Piaget was , ^ 
consistent with thfeir findings. Slobin (1971) commented that 
'.'The general findings {\x\\^\^ , ^t. al.) have/been tha't special 
lingu>itic training will be of no a.vail to a' child unless his 
level of cognitive development has already reached the point at 
which it can embrace the relevant concepts ref)resen,ted by the 
words." The training described was in relationship to Piagetian 
conservation tasks. Flavell and Hill (1969), Brainerd and Allen 
(1971), and Glaser and Resnick (1972) reviewed and reported 
highly successful training experiments In the Piagetian tasks 
which contradicted Inhelder's earlier findings. Bruner (1964) 
had earlier theorized that it was the highly suggestive visual 

19 ' , • . 
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influences that caused cognitive dissonance, and that Icfnguage 
training could act as a mediating device. 



reinforcing environment. The reality of the world is filtered 
through the child's culture and .environment . While Vygotsky 
(1 962)- and -Piaget (1974) differ in the relative importance 
assigned to language, they do agree that language is developmental 
in nature; .developmental ' in the sense of culture and environmental 



i'nfl uences.'XyygrOtsky (1962) points to two methods by which a 



a language-influenced intervention development such as in tha 

school sil .and spontaneous concepts developed in the home or 

natiiral environment. Slobin (1971) in discussing Bruner's later 

work concerning five sources of language-influenced intellectual 

development quoted Bruner as follows: 

(1) Words can serve as "invitations to form concepts." 
That is, the very occurrence of unfamiliar words stimulates 
the child to discover the meanings of those words. (2) 
Dialogue between adult and child can serve to orient and 
educate the child, providing an important source of exper- 
ience and knowledge. (3) School creates the need for new 
uses of language--particularly context-free and elaborated 
uses. (4) Scientific concepts are developed in a culture and 
are conveyed verbally. (5), The occurrence of conflict 
between modes of representation can be a source of intellec- 
tual development. , . 

These five aspects of language use in c'ognitive develop- 
ment vary with culture and social clarss, interact with one 
another and can influence intelligence in many ways. 

•While evidence is still being accumulated,' trends indicate that 

language does play an important part" in human behavior and the 

way humans develop intellectually. 



Language is culture specific and rapidly develops in a \ 




language influences concept development; the scientific concept. 
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Bilingual education is based on the premise that fluency 

in language is important in learning. If teaching is done in the 

language in which the child is fluent, the learning will be 'more 

adequate than if the teaching is done in the. language in which 

the child is 1 ess ^f 1 uent . ' As Luria (.1 959) stated, "Human mental 

activity takes place in condition-s of actual communication with 

the environment, in the course of which the/chil d acquires from - 

.adults the experience of many generations." If one accepts 

Piaget's concept of language development, the second language 

introduces a symbol variable which confounds and complicates the 

issue, especially if the child still maintains a centering schema 

or structure. In addition, the bilingual child up to the point' 

of logical operations must reconcile ego-cpntric meaning with his 

cultural meaning plus second language syntax and. meaning. By 

us.ing the language that the chi,ld ii most familiar with, the^ 

child is not penalized by having to develop fluency in the second 

language. Further developing a bilingual fluency does hot handi-r 

cap growth in tlreschi Id' s . cogni ti ve and psychomotor development 

(Peal and Lambert, 1962) (Valencia, 1972)., It is then expected 

that, after a period oJf'time, there will be equal facility in 

learning via both Languages reg'ardl ess' of subject matter or 

content (Valencia,' 1972). Andersson and Boyer (1970) stated: 

"This is the essence of bilingual-tiicultural education: not to 

'J: ■ s. 

block the child's learning by accidental limits imposed by any 

one culture or its language.'! 
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THE PROBLEM IN. BRIEF 



Much of the teaching enterprise involves practice and 
repetition. However, caution must' be exercised in the use of 
repetition, particularly in a bilingual class where there is a 
great tendency to translate the lesson verbatim urto the second 
language. Several serious consequences might result from this 
situatioji: teacher .time might be expended on priority subjects 
not'allowing enrichment' in other disciplines, e,g,, science; 
children might cover 1 ess' material ; and, most importantly^, the 
^situatiort might result in a challenge to one of , the basic assu'mp-^ 
tions of biT-ingual education, that of transfer of learning across 
languages. Additionally, Andersson and Boyer (1970) suggested 
that: ' 

...translation or near-translation involves three major 
hazards in a bilingual problem if the same child gets both 
versions. First, it is boring. Hardly anything more damag- 
ing could be said about elementary school instruction. Only 
the^most phenomenal child will learn from something that 
bores him. Second, if the chv^d knows he wi.ll get the same 
thing sooner or later in his own best language, he will tend 
to wait for that, and not reach for'the second language. And 
third, materia-ls that are translated for this p.ujpose are 
• almost invariably unicultural in content. ' •''^ 

There have been few experimental or descriptive studies to 

confirm or reject the above statements (Peal and Lambert, 1962) 

(Trevino, 1968). Teacher training at various Institutions of 

higher education introduced stu^dents to various types of bilingual 

models and pedagogical techniques. While the undergradujites are 

experiencing bi 1 i ngua 1 -bi cul tural teacher training, there is still 

some uncertainty as to the transfer of learning from one language 

22 



to another. The issue is debatable, -One of the principle 
intents of this study was to add some needed information to the 
area of transfer of learning from one language to another, in the 
context of a discipline, science iti this case., A-se'cond, and 
important intent of this study was to address jtself to the 
question- of whether bilingual instruction, had. any more, significant 
value than single language instruction, in terms of learning when 
the content was unicultural science material.. 
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" - . --^ "-^ --r J . Chapter 2 • 

' ' - . . . 

.; ■ ' REVIEW Of 'l^'ELATED LITERATURE 

The review of liter\ture in' this study is comprised of 

four major components relating to the instruction of bilingual 

children. Thejse components are (a) transfer with regard to 

sui)ordinate and superordi na te process skills, (b) language 

acquisition and development, (c) assessment 'of learning potential, 

and (d) bilingual science instruction. As much as possible these 

topics have been examined, especially as they relate to the | 

Chicano child and to elementary school science. f 

Recent work on children's, language acquisition has ibrought 
• > out strongly that .the child is not just a passive ve'ssel ofT 
sense impressions. He actively strains, filters, reorganizes 
what he is exposecj to. His imitations aVe not exact dupli- 
.cations or even random reductions of input but reflect 
knowledge similar to that revealed in his other uses of ^ 
language. In, this respect, first and second language learning 
must be quite'alike. The learner actively reorganizes, makes 
general tzations , simplifies. ( Monograph No. 23, The Report of - 
the Twenty-First Annual Round Table Meeting ^on Languages and 
* Linguistics , 19701 * , , ' 

* TRANSFER OF LEARNING 

Perspectives on Transfer 

There is a psychological* issue that revolves around, the 
notion of transfer of learning or training. The issue stems 
primarily from the different attributes assigned to the transfer of 
learning or training. Since the ear.ly part of the nineteenth 
century and up until the present, the concept of transfer of learn- 
ing has occupied. a rather prominent role in research* 

- 24 • " . 



Formal discipline., the process of exercising the mind by 
learning difficult subjects, was once considered the best vehicle 
for general transfer. In what are considered classical studies, 
Thorndike and Woodworth (1901) found little correlation between 
the difficulty of ^school subjects and mental abilities in a sample 
of over 13,000 children. 

Judd (1908) developed a generalization theory of transfer. 
In his experiments, Judd took fifth and sixth grade boys, equated 
them, and split them into experimental and control groups. He 
explained the principle of refraction to the experimental group, 
while the control • group received no explanations and were left to 
discover the nature of refraction by 'experience-. Both' groups were 
allowed to throw darts at a target that w^r submerged in twelve 
inches of water. There was no appreciable difference between 
control and experimental groups with regard to success. However, 
when the depth of the water was altered to four inches the control 
group performance fell markedly. The experimental group made the., 
proper adjustments and were significantly more successful-. 

Thorndike (1914) on the other hand, utilizing his earlier 
experiences in studies with Woodworth, formulated a theory which 
accounted for some of Judd'S observations. Thorndike considered 
transfer to take place most effectively when "identical elements" 
were involved. Thorndike's experiment called for training subjects 
to a high degree in estimating areas of rectangles, lengths of 
lines, weight of objects, and marking parts of written speech. The 
findings of the study gave indication that training^had a positive 
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effect and that transfer was greater when the similarity of the 
tasks had .a posil/fve correlation. 

The stud^jes mentioned provide an historical perspective, 
but are only |. sample of the number of experiments that began to 
accummulate, ^Ora.ta*- (1935) reviewed some 167 experiments on 
transfer. of whiclr 'hi^ooncl uded 76 percent to be successful. The 
studies are too varied to give de.t'ai 1 s' here , but Trow (1 958) 
commented: 

In the hundreds of researches that have been conducted in 
transfer of^training, thre^ definite conclusions recur again 
and again. The frt^t is that intelligence is positively 
corirelauted with^ transfer , The second conclusion is that in 
general tfie more nearjy similar- the tasks' the gt'eater the 
transfer,;'. The third t^ear conclusion from the experiments* is 
that methods of^learning and instruction are of prime 
importa'nce;. ' ' 

Transfer is nbt as clear-cut as it may appear to be. It varies 
along with Variolations in learning theory. As Shulman. (1 968) 
indicated, available literature had not resolved the iss^ue of 
transfer of learning, especially as it applies to any • psycho.l ogy 
of learning". ^ ' 

.A prime issue in the transfer controversy .is the question 
of how the different proponents of learning define transfer. , It is 
not easy to discuss transfer, in relation to competing theories of 
learning, when in fact the operational defi nitions-. given transfer 
are not compatible. They are not compatible in the sense that the 
concept of transfer is one of the central concepts of all psycho- 
logical theories of learning. This becomes even more significant 
when learning theorists cannot agree on basic educational issues. 

' 2G 
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For example, Shulman (1968) briefly examined the positions of 

Gagne and Bruner in terms 0/ instructianal objectives, instruc- 

tional styles, readiness, and transfer, and points to their 

differences as follows: . - ^ • 

The positions of Bruner and. Gagne take very different 
points of view witli respect to the objectives of education. 
This is orfe of the major reasons why most attempts at 
^evaluating the relative effectiveness of these two approaches 
have come to naught, Jhey really cannot agree on the same 
set of objectives* Any attemp*t to ask which is betters- 
Michigan State's football "team or the-Chicago White Sox--will 
never succeed. The^criteria for success are different, and^ 
it would be absurd to have them both on the- same field 
competing against each other, 

\.,let it be noted that when two- conf 1 icting approaches 
seek such contrasting objectives, the conduct of comparative 
educational studies becomes extremely difficult, (Shulman, 
1968) ^ ' ^ 

To resolve whic'h psychological theory of learning best accounts for 

the phenomenon of trcinsfer v/ould be a monumental task and well 

beyond thS^ scope^ and intents lof this study. The issue i's 

^recogniz.ed\^>f5wever , in order to show the need for any study on 

transfer to make clear the psychological theory which underli.es it. 

In the case of thi s • study the underlying theory of learning is .the 

cognitive theory which wi 1 1 be .briref l^r^tfe^^d in the following 

section , a 



ERIC 



The Cognitive Position and Transfer - • ' ."■ 

^As i't was already Indicated, the various ways psycholog^ists 
observe and categorize human behavior is nbt exactly consistent 
from psychologist to psychologist. In order to define the 

cognitive position, let us look at how Ausubel (1966) differentiated 

• - * . . \ • . 
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it from the neo-behaviorist position. According to Ausubel , the 
neo-behaviori sts are concerned with observable learned behaviors 
such as those which manifest themselves In stimu^^ls-response and 
in- environmental conditions which .influence those behaviors. The 
neo-behaviori sts are reluctant to address the notion of conscious- 
ness which cannot be reliably observed.. They believe that only by 
dbserving categorizable behaviors can general scientific statements 
be made regarding behavior. The cognitive psychologists, an the 
Other hand, (again, according to Ausubel) assume quite the 
opposite and feel that by examination of the different states of 
consciousness more appropriate statements regarding human function- 
ing and underlying cognitive process can be made. 

Ausubel classified Bruner, Gagne, anci himself as cognitive 
psychologists.. However, Ausubel stated that both Bruner's and 
.Gagne's position on transfer differ from that of his own as 

follows: 

<-*■.'"■' 

This difference stems in part from their somewhat more 
behaviori Stic conception of the nature of knowledge as 
consisting of the capability of performi'ng cTTfTeren-t classes , 
,of problem-solving tasks. Thus, in fostering transfer, • Gagne 
focuses on the learner's possession of the component or 
Sul>ordinate problem-solving capabilities required for manifest- 
ing a given higher-order problem-solving capability. Concen- 
trating more on the deductive aspects of transfer, Bruner 
emphasizes "generic learning" because it can facilitate 
derivative problem-solving, that is, the solution of problems 
^hat are particular exemplars of a more general proposition. 
Ausubel 'on the other ha-nd, views knowl-edge as a substantive 
(ideational) phenomenon rather than as a problem-solving 
capability, and regards transfer functions of cognitive 
structure as ^applying more significantly to reception learning 
4;han.to pf obi efn-sol vi ng in the typical classroom situation. 
(Ausubel, 1966) 




-15- 

Thus, even within a particular psychology of learnihg such as that 
of fhe cognitive theorist, there are many interpretations as to 
the significance and methods of transfer. This necessitates even 
more specific identification of the learning theory this study 
reflects. The specific theory is that of Gagne. 

Gagne's Cummulative Model for the Transfer of Learning 

Gagne (1962) developed the cummulative model for transfer 
of learning* It is a hierarchial scheme for transfer and resembles 
some earlier studies of Maltzman (1955) and Harlow (1949). The 
model is constructed of several sequences of subordinate and 
superordina te skills that are the results of task analysis. The 
subordinate and superordi na te process skills will be discussed 
jointly with Gagne*s concept of transfer because they are the 
essential elements of the model. 

Gagne, in his work on programmed learning, based some' of 
the important aspects of his theory on task analysis and cummu- 
lative learning, . as a model for specific transfer, on his 
research findings (Gagne af»d ^rown, 1961). One of his studies 
evaluated the performance of seven ninth grade boys on a 
series of mathematics tasks relating to a final activity of finding 
the sum of n terms in a number series. The final task was identi- 
fied and then a systematic breakdown of the subordinate tasks 
required to achieve the final task was accomplished by continually 
asking what the student must know and be able' ta do before he can 
accomplish a particular task. .Employing the method of task . 
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analysis, nine subordinate tasks, arranged in a hierarchial order, 

were' identif i ed . 
m 

Gagne stated that there are two important variables for 
which one must account in a model such as the one he postulated". 
These two variables were knowledge and instruction* Knowledge was 
defined as the capa'bil i ties that an individual possesses at any 
*stage. Instruction consisted of the following components: (a) 
recognizing and acknowledging the required final task, (b) identi- 
fying the elements of the task, (c) receiving practice and • 
repetition to insure recall, and'(c) being guided by one's thinking 
Gagne further stated that positive transfer depended on "(a) the 
recall of relevant subordinate 1 earni ng- sets , and upon (b)_the'^ 
effects of instruction." (Gagne. and Brown, 1961.) 

In the experiment, students were tested on a series of 
tasks in mathematics until they reached a point of being unsuccess- 
ful. An individual instructional program was then set up to foster 
achievement at the next higher level of the series of nine tasks. 
Gagne's success rate with the experimental group averaged 86 per- 
cent. He interpreted the results as positive evidence of the 
knowledge hierarchy. One of the overall conclusio-ns was that if a 
subject passed a higher level task no lower task was failed. Gagne 
stressed that individual differences may have accounted for less 
than '100 percen^suc^ss in .his experiment and that a model of 
transfer such as the one he conceived needed to take into consider- 
atlon these individual differences as an important variable. 
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' ' In an associated work, Gagne and Smith (1962) pointed to 
the importance of not only knowing what 'are the expected terminal 
behjiviors in-a probl em-sol ving . si tuati on, but the ability to 
formulate the terminal task and subordinate elements in the 
subject^^own words, 

Gagne and Smith, working with twenty-eight ninth grade boy 
.investigated two suppositions: The first was to find if problem- 
solving was facilitated or interfered with when a subject was 
required to verbalize a discovered principle (solution set) 
related to a particular task* The second was to investigate if 
differences in performance^ were the result of the effect of 
instruction-'whiph ,incl uded verbal descriptions of a discov'ered 
principle. ; * . • 

The twenty-eight boys were distributed into four^ treatment 
groups: (a) Verbalizing, Solution Set; (b) Verbal 1 zi ng i: No 
Solution Set; (c) No Verbalizing, Solution Set; (d) No 'Verbal 1 zing 
No Solution Set. The task fon the experimental groups was to 
move a set of discs from one circle to,another circle in the least 
number of possible moves, maintaining the same size order of the 
discs. 

•The verbalizing groups out-performed, those subjects not 
required to verbalize their moves, Gagne felt that the act of 
verbalization caused refjective and creative thinking, thus ^; 
accounting for the better performance of the verbalizing groups* 
If this conclusion Is accepted , then it would seem to this ^ 
researcher that the student who has a language preference would 
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•certainly be at a disadvantage unless the ^student is given the 
opportunity of utilizing his preference language. On the other 
hand, ff a bilingual student has a language preference, it may 
lead -him to be more verbal in one language. 

For the bilingual sitaati-on, this work of Gagne is subject 
to many interpretations. It is the opinion of this investigator , 
that the study builds a good case for the student who is bilingual 
and might prefer to verbalize in one of two languages. In a 
bilingual school environment:, the student would have several 
opportunities to express his preferred learning style. 

In this study Science-^A Process Approach (1968) was used 

as the model for transfer , .which is consistent with Gagne's model. 

Science^-A Process Approach reflects the cummulative model for 

transfer of learning described by Gagne (1968)' and it is his 

operational definition of transfer that was used in this study: 

Cummulative learning thus assumes a built-in capacity for 
transfer. Transfer occurs because of the occurrence of 
specific identical (or highly similar) elements within 
developmental sequences. Of course "elements'* here means 
- rules, concepts, or any of other learned' eapabil ities. 

In addition, Gagne (1965) (1962) clarified the hierarchial scheme 

of subordinate and superordi-nate skills in his hypothesis: 

(a) no individual could perform the first task without 
haying those subordinate capabilities (i.e., without bjping 
able to perform the simpler and more general tasks), and, 
(b) that any superordi nate task in the hierarchy could be 
perfarmed by an individucil provided suitable instructions were 
given,* and provided the relevant subordinate knowledges could 
be recalled by him. ' , 

One of the crucial tests of Gagne's model was the assessment of 

$cience--A Process Approach . This was especially significant. 
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because the research data was accumul ated frpm;various test sites 

through the country which reflected . not only rural,- suburban, and 

urban children but also the different social and economic 

conditions o^J^hi 1 dren from kindergarten through sixth grade. ^ 

Walbesser (1965)) designed the. model for evaluation and the 

hypoth^sSis td' be tested was stated as follows: 

If behavioral objectives are stated, instructional 
activities written for guiding the teacher based upon the - 
stated objectives, and behavioral hierarchies constructed frojn 
the stated objectives, then the percentage acquisition of* th^ . 
• stated behaviors by the 1 earrvers' wi Vl be the same for all 
socioeconomic levels.' {Walbesser a^d Carter, 1 968) 

The data supported the hypothesis, but there was a socioeconomic ^ . 
effect. All process skill s were investigated and it was found that 
disadvantaged chi 1 dren .tend to perform Better in the skjlls of 
Observing and Classifying than in the Numbers *and Communicating 
processe-s. - It was reported that verbal fluency may have effected 
the acquisition of certain behavior skills. Nonetheless, Gagne's 
m6del of cummul ative|j 1 earning proved to be quite successful with 
respect to -transfer.!' : ' , 

In employing Gagn*e's model- of commul^tive learning in this 
study. 'it "was assumed that his model of, transfer of learning, as 
dep1cted^ij)jgv S't^ence-.-A Process Approach , would be the most useful 
of the ^veral e] ementa'ry .science projects to generate the desired 
behavioral data on. transfer to match' the transfer assumption of 
bilingual education. In reviewing major elementary §cience 
projects',', the investigator found that $e1ence--A Process Approach' 
had built-in Instruments to sample the skills and competencies 
acquired by the student. By use of a binomial scale on a dependent 
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measure, behavioral data can be obtained for analyzing transfer. 
Ramsey and Howe (1969) pointed out that of the elementary science 
projects. Science— A Process Approach , at that time, was the only 
major project that had an evaluation design to substantiate its 

, model for 1 earning. * - . 

While there is no conclusive evidence 1^,0 state whether 
Gagne's model accounts for the transfer of learning better than 
other models for .transfer of learning, his model is successful in 
producing the desired- effects of his definition of , transfer 

CShulman, 1968). 

It was not the intent of this review to resolve the issue 
of transfer of learning. The Investigator, for the purpose of the, 
study, accepted the operational definition of transfer as .stated by 
Gagne (1 968). This rev.iew centered on describing some aspects of 
the Chicano^chil d as a student, keeping in mi.nd Shulman's (1 968) 
statement: 

t 

Individual di f f erences -1 n learning styles are major 
determinants of the kinds of approaches that work best with 
different children. Yet this is something we have in general 
• not taken into consideration at all in planning curric.u a--and 
for very good reasons. As yet, we do not have any really valid 
ways of measuring these styles. Once we do, we will have a 
powerful diagnostic tool. Subject matter, objectives, charac- 
teristics of children, and characteristics of the teacher are 
all involved in this educational decision. 

Gagne4l96?) expressed t,his same concern, and work by Ramirez and 
Castaneda (1974) with bilingual Chicano. children showed promise in 
this area. 
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LANGUAGE ACQUISITION AND DEVELOPMENT 

The development of the capacity to function in an open op 
a structured institutional environment poses certain problem? for 
the bilingual child. This. is so because the language that the 
child brings to the school may. or may not be valued in. terms of 
learning by the school • In addition^' the facljity with language-' 
may cover, a brpad spectrum o^ competencies of which tlie school vmay 
be ignorant. 

Bilingualism is an achievement that arrives by many 
routes. The bi 1 i ngua 1 -i n-process might be a child growing up 
in a bilingual adult milieu, member of a bilingual family, or 
or a monolingual minority. He might be an adult who has 
moved to c^- d+fferent linguistic environment. The learning 
process might be casual or systematic pedagogy. The differ- 
ences in what the learner hears, what he is expected to say 
and how much formal correctness is denianded from the start' 
make for radical differences in the process of acquisition 
according to age and milieu. (Jones, 1973) 

. For the bilingual child as for other children, language is 
developmental, progressing from .being highly, dependent on con- 
crete experiences to abstract socialized functions. Several 
research studies indicate that language at an early 'age is not 
only quantitatively but qualitatively different for the child as 
opposed to. the adult (Piaget, 1974) (Vygotsky, 1962) (Ervin-Tripp, 
1973). The spoken language of the child is learned in a social 
environment and as a consequence It may be expected that the 
learning of content is concdmmi tantly affected (Ervin-Tripp, . 
1973). However, because the language Is ledrned In a social 
env^V-oliment, the amount of social support is crucial for further 
development. AccordilTg to Jones (1 973), "Social support appears 
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to be of greater importance to children than to adults." Social 
support in this context means: 

9 

•••that the learner hears speech in several languages 
outside the classroom, either because he moves between two ' 
. monolingual communities or because there are consistent rules 
governing alternations in a bilingual community^ (Jones, 
1973) 

Many instances have been documented where children learn a 
language in a particular social environment in addition to that of 
their parents only to have language atrophy occur upon being 
removed from th-e language'^nd social contact in which it was 
learned^ Once the social support is absent, the extinction is 
rather rapid. Witness the case of students studying a foreign 
language in, an academic atmosphere void (Jf social support. This, 
however, is not the case for the Chicano. Depending on the sbcial 
setting, the Chicano child might move through a spectrum of 
^language settings during any one day. The child may speak only 
Spanish to his parents or grandparents, a mixture of Spanish and 
Englis4i with peers and English most often in school. There is 
social support for language development of the child. Nonethe- 
less, the relative importance attached to the language is directly 
dependent on the dominant socioeconomic influence in the community 
In Monograph No. 23, The Report of the Twenty-First Annual Round 
Table Meeting on Languages and Linguistics (1970) it was reported: 

Jf the root problems of Chicano children in our ''schools 
are^ocial, rather than jl i ngui stic , we can ex|)ect that the 
comparable structure here would provide a fully bilingual 
program, as in Miami. Thus the Chicano children could see 
their own language respected as a medium of instruction, and 
see Anglophones struggling to learn it as they learn English. 
It would not be surprising if in such f ul ly bi 1 i ngual programs 
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they eventually learn school English better than children in 
schools where English is the sole medium of instruction — 
even though they hear and speak less English in the course of 
t'he school day. 

This postulate is partly supported by Douglas Muller (1974) in 
his six year evaluation of a "bilingual program in New Mexico. It 
is also important to note that the relative value placed on the 
language is crucial for acquisition and retention. Labov (1965) 
indicated: 

Values play an important role in determining whether a 
given condition of social support will produce or sustain 
learning. At a gross level, beliefs about the ease or 
appropriateness of becoming bilingual may affect the 
prjobability of child or adult learning. 

If there is social support and a high value placed on bilingual- 
ism then the only limiting factors are the opportunity to express 
talents and the individual's intellectual capacity. 

ASSESSMENT OF LEARNINa POTENTIAL 

Much has been written about intelligence and its relation- 
ship to race and ethnicity (Palomares, 1965). And while many 
ethnic groups have been scrutinized by a battery of achievement 
and intelligence tests, the Chicano has borne the brunt of recrim- 
inations resulting from such testing. According to Report VI: 
Mexican American Education Study (U, S. Commission on Civil 
Rights, 1974), Chicanos have been disproportionately placed in 
classes for the mentally retarded on the basis of intelligence 
tests that do not measure the intelligence of Chicanos, by- 
achievement tests that cannot accurately predict the achievement 
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levels of Chicanos and by diagnostic tests that are incapable of 
/adequately expressing the 'under lyi ng structure that constitutes 
- the cognitive functioning of the Chicano* In addition, prevaiTing 
stereotypes held by the dominant society allow some ethnic groups 
to avoid the humiliation and intellectual insult forced on tiie 
Chicano. 

. That Chicanos posed a problem to the Anglo educational 
sys-tem has been recognized since both came into contact. The 
t)roblems was recognized in the Treaty of Guadalupe Hidalgo of 1848 
which ended armed hostilities between the United States of America 
.and the United States of Mexico. Though the educational rights of 
the Chicano were protected by treaty, very little was done to 
compel states to adhere* 

Early psychological studies, whether ill-intentioned or 
not, had the effect of laying the groundwork for segregation and 
subsequent search for cognitive defects in the Chicano child 
(Sanchez, 1974). Coers (1935) in a Study fbr the purpose of 
bringing about the assimilation of Spani sh.-speaki ng children with 
the children for whom the schx)ol system was originally planned, 
assumed that teachers and administrators had come to realize the 
Importance of knowing how the achievement -of the "foreign" 
children compared with that of the children of other white stock. 
His findings were consistent with many studies to come later that 
■\ indicated that the relative achievement of the Chicano group was 
greatest on the arithmetic computation test followed closely by 
the relative achievement on the spelling test. The Anglos 
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nonetheless out performed the Chicanos with the-Chicanos perform- 
ing poorest on language usage. 

Lamb^(1930) earlier had shown that Chicanos do better.-on, 
tests of manual dexterity than. Anglos. There w,eiKe' eight perforr 
mance tests, in which dexterity was important. Included in the 
tests was the Goodenough Draw-a-Man Test . The Chicano ranked 
highest in four of the tests and tied for superiority in another 
which led the investigator to conclude that cer.tain racial group.s 
develop early skill in manipulation greater than that of the 
average "American" child. No mention was made if there was a 
positive-correlation between performance on the tests and intell- 
igence or achievement; and if skills in manipulation are related 
to language development. 

fate'r, Tireman (f^Sl-), who had been working with Chicano 
children in New Mexico since the early 1930s, showed in his 
studies of Chicano children through eight grades, that there was 
a continual strengthening of arithmetic reasoning and arithmetic 
fundamentals as the child progresses. 

A trend had already begun to indicate that the Chicano 
performed better on tests that measure reasoning rather; than 
those tests measuring verbal comprehension. The ability of the 
Chicano to perform better in arithmetic 'fundamental s was neither 
attributed to any one specific cognitive structure or advantage 
nor extrapolated to the notion that arithmetic functions and 
symbols are the precise igguage of science." A correlation of 
this type has yet to be conclusively Indicated. However, the 
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nature of the tests themselves and their freedom from cultural 
bias began to be questioned by Chicanos (Sanchez, 1974) 

(Palomares, 1965). lo' 

I 

The genesis' of the question led Jensen (1961) to 
initiate his own studtes^ rel ati ve ' to the intellectual and learn- ^ 
ing abil ities of Chicanos^. Using the California Test of Mental 
Maturity for matchi% purposes, he ran several IQ groups of 
Chicanos andAnglos through certain learning tasks. Jensen 
pointed out that hig*Ri IQ's are very rare among the Chicanos as 
measured by the California Test of Mental . Maturity . His learning 
tasks gave evidence of what Chicano educ.ators had been saying, 
but had been unable to convince schools and other educational 
institutions--that tests such as the California Test of Menttfl 

j' 

Maturity may be able to distinguish and predict between low IQ 
and high Anglos, but are inadequate instruments for Chicanos. 
Jensen ' s 'resul ts showed that a significant number of Chicanos 
classified as slow learners actually are quite normal and perfor- 
med in the learning tasks as well as the high IQ Chicanos and - 

Anglos. 

, t • 

The question, of .cultural bias in tests of IQ and achieve- 
ment gave vent to different pathways in search of a genetic 
component or an environmental casual relationship (Shockley, 1972) 
(Gage, 1972) in intelligence. Scattered evidence from other 
fields showed that childrp from different cultures and different 
language groups performed differently on problem solving tasks 
(Zimmerman and Rosenthal , 1.972) (Bernal, 1971), It also became 
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Increasingly clear thatf^Cfv+c^ children are brqught up to view 

the world and reality differently from tfi'eir Anglo counterparts 

Thus, their language anrf their value orientation results in a 

perJorm^nce!*S"ignif,icantly different from the A>nglo (Karadenes, 

1971) (M'l^Ahany, 1971) (Engl e , 1 971 ) (Bongers, 1971) (BemanVl 972) 

(Kagan and^-^iadsen , 1971). Jensen (1973) later wrotet 

Our test of •Mexican-Americans show they do rather poorly 
on the culture-loaded type's^of tests based on verbal skills 
and knowledge, but. they do better on the culture fair test,*, 
that measure the^ffbility to generalfze, to distinguish 
differences and similarities, to see >el ationships and to 
solve problems. The tests measure reasoning power rather 
than specific bits of knowledge,^ 
^ . ■ . ' • 

Killian (T971) concltided after a three year 1 on.gi tudin&l 

study'on Spanish-speaking children that there is no evidence of 

cognitive deficits save a problem with the English language in 

verbal cpmprehension. Roberts (1970) had earlier indicated that 

some of the same tests used in Killian's research are misused 

when they are u^sed for identifying language development, ^ Both 

s.tudies were funded by the Of f ice"*"of^Education, 

^ , Some sophisticated tests (e.g., WISC , Stanf ord-Bi net 

Intel 1 ig^ence, Test , ITPA , fif^M Gestal t^Test ) have been administered 

to Chicanosj they have participated willingly or unwillingly in 

some educational experiments. The results continue to show that 

there exists a common core of language, culture and cognition, , 

" * » . " - 

and a"" dependency fi?ss,igned to these results by society and its 



educational institutions. 'If- one of the ends of society ^% a 
pluralistic existence and "dignity in bei ng .different , then the 
idea must permease that society including i ts .educational 
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institutions. The idea miwt go directly to the nucleus of the 
school;, its currictil um, -the specific disciplines which contribute 
to that cut^riculum, and its instructional staff, 

. ' * ' BILINGUAL INSTRUCTION--RELATIONSHIPS TO ' 

ELEMENTARY SCHOOL SCIENCE 

Science education in the elementary and secondary school 
has made significant changes and advancement in the last ten to 

■ fifteen years. Some of the more important changes, that have 
occurred are found in particular philosophies of education and 

' have merged psychological theories of learning with broad scien- 
tific concepts and proce§-s skills. In a highly technical and 
• sc-ientific society, it is desirable and even mandatory that the 
citizenry be scientifically literate (NSTA, 1964). Children 
should understand themselves, their environments and how these 
interact. Bilingual education -gives indications of being a vfery 
effective tool in developing desirable cogni t-i ve' ski 1 1 s in science 
as well as'deve.lopin^ the humanistic qualities important to the 
culturally different child'.' 

Because of its nature, science has become a discipline 
that knows no national boundaries. Scientists are able to 
communicate ideas and experimental work.^nd share a symbolic 
♦ language that to a certain extent communicates across languages. 

■ The progress" that has been made, and will continue to-be made, is 
not the private domain of any one ethnic, religious, or national 
group, though there has , been a tend.ency for particular groups to 
excel in science (Hardy, 1974). 
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Educators involved in bil ingual -bicultural education have 
sought information and answers regarding the best methods and 
materials for implementation in bilingual programs. Often this 
decision is based on, the availability of materials in the market 
place, ' This has been the c^se with materials developed for Chicano 
children and those .exported to Latin American countries; for 
example, the Biological Science* Curriculum Study materials. 

Materials that have been esj^ecially designed to foster 
scientific concepts and process skills in th.e dominant culture 
have been used not prin^^ipally for this reason with Chicano 
children, but to teach English l-dnguage fluency. References are 
made to increased vocabulary, reading readiness,, interaction with 
peer/teacher, pupil involvement, but little mention is ever made 
of performance in science (Scheffer, 1969) (John and Horner, 
1971). 

Science techniques and materials have proved effective in 
getting children involved in situations which lead to interaction 
without the added biirden of learning to read a symbolic interpre- 
tation of reality stifling to their natural curios.ity. One oi the 
objectives of the new elementary science curricula Has been to get 
children actively involved and to develop positive attitudes about 
science, but the emp^^sis remains on the science and that is the 
way the materials should be used. Additionally, the results of 
the translation of these materials are that they transmit the one- 
culture influence. The desirability of this transmission must be 
resolved by those involved in bilingual education. It is 
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possible, as was done in Toroato, 'Canada , with a mathematics 
program (Giles, 19|9) (And-ersson and Boyer, 1 970) to split the time 
allocated to science and teach it as if it were two' different 
subjects using two different languages. Teacher preparation and 
available materials play an important role (Ott, 1968) (Trevino, 
1968) (Hernandez, 1974). 

Few science educators have concerned themselves witii 
bilingual education, yet there are indications from the literature 
that bilingual science education might be a most fruitful area, for 
investigation (Raisner, et. al., 1967) (Walbesser and Carter, *- 
1968) (Giddings, 1966) (Stevens, 1969) (Perales and Howard, 19€9) 
(Jourdane, 1 970) (Theiss, 1 970) (Billeh and Pella, 1 970)'. Of the 
studies cited, the common consensus was that apart from further 
investigations into the area 'of science education, that a system- 
atic approach to science be used taking into account the students' 
development and the socio-1 inguistic environment of his home. 
Bolger (1967) recommended that bilingual science programs should 
be staffed by fluent Spanish speaking teachers and that bilingual 
science programs would be most successful with bilingual children 
who tend to use Spanish most frequently. 'Scattered evidence 
from related fields to science showed that children from different 
cultures and language groups perform better in bil.ingual situations 
(Castaneda, 1 967.) (Trevino, 1968) (Robinson, 1 970), Whether the 
differences in performances can be attributed to chance, linguistic 
or cultural factors or pedagogical technique has not been fully 
resolved. 
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SUMMARY 

The review. of the literature pointed to several important 
issues In bilingual education. One, there is a need to clarify and 
state the concept of transfer of learning, based on some psycho- 
logical theory of learning, aslt applies to bilingual education. 
Because . transfer is one of the principle assumptions of bilingual 
education, it is essential that the research began to identify the 
conditions for this phenomenon. Secondly, it should be recognized 
that any bilingual program must take^into account the developmental 
nature of language and its relationship to cognition. Additionally, 
the diagnostic instruments in vogue are not wholly adequate for the 
requirements of bilingual programs. It is also necessary to dispel 
the notion that bi 1 ingual education is strictly a language learning 
experience per se; ra^h^r it is an experience that cojiveys concepts, 
processes and subject matter via language. And it is this last 
issue that becomes even more significant to the researcher because 
the topic of bilingual science education is of such recency that 
research on it is almost completely absent-, 
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Chapter 3 
THE DESIGN OF, THE* STUDY 
INTRODUCTION 



, Val encia (1 972) , in describing one of four underlying 

principles of bilingual education, spoke of the "...use of the 

learner's native language to facilitate the learning process and 

avoid postponement of cognitive and psychomotor development," 

With regard to secoTTd language development and learning, ^he 

further stated: 

The moment for utilizing the second language in the*^ learn- 
ing scheme is dependent on individual readiness, the nature of 
the subject matter, and the learning activity. Furthermore, 
since reading and writing^ skill s are closely related among the 
Indo-European language, a transfer effect will occur in devel- 
oping such skills in the second language^ (Underlining npt In 
the original ) 

In support off this statement the noted Russian psychologist, L. S. 
Vygotsky (1962) concurred: 

Success in learning a foreign language is contingent ori a 
certain degree of maturity in the native language. The child 
can transfer to the new language the system of meanings he 
already possesses on his own. The reverse is also true--a 
foreign language facilitates mastering the higher forms of the 
native language. The child learns to see his language as one 
particular system among many, to view its phenomena under more 
general categories, and this leads to av/areness of his lin- 
guistic operations. 

One of the purposes of .this experiment was to investigate 

the postulated transfer effect. The second purpose of the investi- 

gation was to determine the efficacy of bilingual instruction, 

particularly with regard to science education. Andersson and 
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Boyer (1970) gave evidence that children instructed bilingually 

made measurable gains over comparable groups taught the same ' 

content but in one language. This evidence was not conclusive 
with respect to science education. 

SETTING 

State 

r 

The State of New Mexico was selected as the site for this , 
study because of its history of bi 1 i ngual -bicul tural education in 
the elementary schools. The schools selected for the study were 
located in cities or towns with a population of 55,000 or less. 
There were four schools that participated in the study. The 
schools selected for the study, were separated by as much as 400 
miles. Two schools were located in the northern part of the state 
(Las Vegas) and two were located in the southern part of the state 
(Las Cruces). In general, schools in New Mexico and in the South- 
west that have bi 1 i ngual -bi cul tural education programs have a 
large number of Chicanos and. the Chicanos are usually the dominant 
group in the bilingual classroom. In this study approximately 95 
percent of the students were Chicano. 

The development of bilingual education in New Mexico is 

comparatively recent within the larger framework of educational 

history In the state. Gonzalez (1969) pointed out that: 

New Mexico is the only state in the union which may be said 
to be effectively bilingual. This has repercussions in the 
school system, advertising media, court system, entertainment 
world, etc. 
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Unfortunately , the Spanish language is not taught in the 
elementary years, and this has resulted in its becoming a 
"second-class" language, passed on only imperfectly through 
the oral tradition alone. 

The Spanish language influence came into the state between 
1 539-1583. with the Spanish expeditions of Coronado, Chamuscado and 
Rodriguez, and Espejo. Although there had been earlier expedi- 
tions and trade routes established through the towns of investi- 
gative interest, the Mesilla Valley (Las Cruces area) and the Las 
Vegas area were permanently occupied by Mexican and Spanish 
descendants between the years 1800-1840. It was from Las Vegas, 
New Mexico, that General Stephen W. Kearny in 1846 claimed New 
Mexico and the west bank of the Rio Grande for the United States. 

Las Vegas . The consolidated town of Las Vegas, New Mexico, has a 
population estimated at over 14,000 by the 1970 census.' The 
economics of the town and county (San Miguel) are dominated by 
agribusiness; the raising of livestock the major endeavor. 

The county is 80 percent Spanish surnamed with many resi- 
dents living in small rural villages around Las Vegas. The rural 
communities, while in most cases self-sustaining, are highly 
dependent-on the town of Las Vegas for trade and commerce, fhe 
rural residents also depend on Las Vegas^for the schooling of 
their children. The town has tw,a"school" systems. When the two 
towns (East Las Vegas and West Las Vegas) were consolidated unde^r 
one city, government, it was agreed that the respective towns would 
retain their own school systems. The dual school system is not 
the only unique feature of Las Vegas as indicated by the folj'owing 
statement: 
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Part of the community of Las Vegas (population 17,000), 
West Las Vegas is the poorer, older section peopled primarily 
by Mexican Americans who have resided there for generations,. 
The town is in the northern, mountainous^region of New^Mexico, 
60 miles from Santa F.e and 120 mil es /ron> Al buquerque. Las 

> Vegas is the home of Highlands University (a small state- 
supported institution with 2,400 students), of a state 
hospital and a mental retardation facility. While a small 

^ group of white prof essionals are affiliated with^these insti- 
tutions, the vast majority of the labor force is Mexican 
American employed in construction, education (teachers, aides, 
clerks), hospitals and filling stations. Although housing is 
less costly than »elsewhere, the modal income is only $5,600. 
(Leger, 1973) 

West Las Vegas has had bilingual education in the elemen- 
tary schools since 1970, and the vast majority of students that 
participate in the bilingual program are from low income families. 
The same is true for bilingual programs in East Las Vegas. For 
purposes of this study, a school was selected from each of the 
school systems in Las Vegas. 

» 

Las Cruces and Mesilla . Las truces is located in the southern 
part of the state. According to the 1970 census, it has a popu- 
lation in excess of 38,000. Related economics are tied to the 
government facility at White Sands Missle Rangej the state agri- 
cultural school (New Mexico State Un'tvTrsi ty ) and the building 
industry. Las Cruces is the county seat of Dona Ana County and the 
county has a strong agribusiness. While there are many small 
farms in the area, there are some large corporate run farms. The 
town is located some 45 miles from the larger metropolitan area of 
El Paso, Texas. Las Cruces and the surrounding area has a large 
Spanish surnamed populace and though nrany are involved in service 
oriented endeavors, the larger portion are involved directly or 
indirectly in agricultural related work'. 
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Las Cruces has had bilingual education si nee 1967, The 
pro-grams were concentrated at first in four schools and has 
expanded since. Two of the early schools involved In bilingual 
education were also Included in this study. One school was 
located in Mesilla and one in Las Cruces proper* Most of the 
children participants come from families that have an income range 
of $3,000 to $5,000. The Spanish surnamed children dominate the 
bilingual classes with their percentage as high as 96 percent. 

Relationshi ps of Schools 

To try to reduce the variability between schoo.ls, the 
investigator kept the instructional ^environment as physically 
similar as possible in terms of the schools selected for the stiidy 
Research on Science-^A Process Approach (AAAS, 1968) showed that 
variances in instructional environment had little effect on perfor 
mance of students. However, given the geographical locations of 
the schools in the study, one would expect that there womld be an 
uncontrolled variability between schools'. Jhe investigator 
expected that a between-schobl variability would be evident in the 
final analysis. The homogeneity of subjectsV^as maintained by 
random selection from a heterogeneous bilingual fifth gradeclass 
in each school. Demographic and socio-economic data available , 
showed the students to be similar. 

SCIENCE— A PROCESS APPROACH 

Units froip the American Association for the Advancement of 
Science's elementary curricular project, Science--A Process 
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Approach , were used in this investigation. 

Overview of Curricular Developments 

The national elementary science curricular projects place 
' emphasis on the nature and structure of science and on the 
processes of scientific inquiry. The underlying theme of most 
projects is that it is important , to develop within the populace a 
citizenry that is scientifically literate, to impart knowledge of 
how humans are in dynamic interaction with the environment, to 
develop the humanistic qualities necessary to live within a social 
milieu and to harbor deep respect for nature and the order of the 
natural world. 

The new elementary science curricular projects stand in 
contrast to what has occurred in elementary science in the past 
and what occurs quite frequently today. That is, quite often' the 
teaching of science in the elementary school iS' relegated to 
incidental . ideas , to novel things as they come up or to the memor- 
ization of isolated facts. The national elementary science 
curricular projects believe that there is a more fruitful way for 
children to learn and appreciate s.cienc-e. These projects approach 
the matter of elementary science with a particul ar "'psychol ogical 
theory of learning grounded in a philosophy of science and with a 
pedagogical system to reach the children. 

Science--A Process Approach (1968 version)' 

. Science--A Process Approach, is one of the national elemen- 
* .tary science curricular projects. The program had its inception at 
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Stanford -University in 1963. The curricular package is broken up 

into seven Parts labeled A through 6. Part A is the beginning 

unit and can approximate kindergarten on up, although this does not 

have to be the case. Each of the Parts consists of about , twenty 

exercises. Each exercise deals with a set of processes and is 

color coded to distinguish the processes emphasized (AAAS, 1968). 

Parts A through D are primarily concerned with the development and 

acquisition of eight basic process skills: Observing, Using Space/ 

Time Relationships, Using- Numbers, Measuring, Classifying, 

Communication, Predicting and Inferring. Parts E through 6 

concentrate on the integrated process skills which a>e more 

complex in nature and are identified as: Formulating Hypotheses, 

Controlling Variables, Interpreting Data, Defining Operationally 

and Experimenting. 

As is evident from the title, the project stresses the 

development of process skills. Hurd and Gallagher (1968) described 

this process approach as follows: 

The processes of science represent its more sta bl e' el ^ents 
since the methods giving ris'e to science changes less 
frequently than the concepts produced. Teaching the prpcesses 
of science--its modes of inquiry--is providing young people 
with thinking tools that are not only applicable in tffe 
context of science but to life in general. What more', if 
children learn to use the processes of science , they will come 
closer to understanding the spirit of inquiry that character- . 
izes science. 

Robert Gagne (1965) further elaboratecj: 

The process skills are components of scientific inquiry, 
the procedures that give rise to knowledge and define its 
meaning. These procedures may be further subdivided into 
simpler skills, thus ultimately reducing the complex task of 
inquiry to a hierarchy of component processes. 
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The philosophy of ^ Science--A Process Approach , Science^-A Process 
Approach views the learner as a person that either has the 
requisite skills or does not in regard to mastering a certain 
class of tasks. It proceeds on the assumption that the learner 
can be guided through a hierarchial arrangement of tasks to 
mastery of those tasks if the sequencing of topics and the reoccur- 
rence of the ideas are reintroduced in a proper manner. 

The pedagogy of $cience--A Process Approach . The principal 
pedagogical assumption af $cience-"A Process Approach is that the 
student must be actively engaged in the learning process. This 
means that the student will be involved in hands on activities. 
The students are encouraged, challenged and questioned when work- i 
ing with a particular unit of Science--A Process Approach , With 
the completion of a set of activities the students are expiected, 
either in a group situation or individually, to demonstrate a 
minimum set of required behaviors. These are observable perfor- 
mances consistent with the completed activities and are .known as 
Appraisal or Individual Competency Measure, 

Material s . The materials that the students work with consider the 
intellectual development of the student and the materials are 
viewed with regard to the acquisition of intellectual skills (Hurd 
and Gallagher, 1968). They consist of prepackaged items referenced 
to the teacher's guide and are self-contained materials, save for 
consumable items. 
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The psychological basis of $cience--A Process Approach t Sc ience-- 
A Process Approach is the most behaviorally oriented of the 
elementary science programs and' is the most structured. Its 
psychology w^s influ'enced by Robert Gagne who saw the development 
of>the process ski 1 1 s in a hierarchial order. Each idea is 
developed at its own requisite level and introduced as often (in 
different contexts) as necessary in conjunction with one or more 
ideas. Gagne saw differences in learning as dependent to a very 
large degree upon differences in previous learning; linking th^ 
'learning of any scientific knowledge is dependent upon mastery. of 
previous knowledge. This means the orderly sequencing of ideas 
and the learner knowing what learning goals are expected of him. 
Two things characterize Gagne's thinking in $cience--A Process 
Approach : sequence of topics and practice. In sequencing of 
topics Gagne (1963) indicated: 

i I 

Knowledge is a hierarchy of ideas, in which the more 
complex ones depend for their acquisition on the previous 
mastery of simpler ones. Thus when a curriculum designer has. 
in mind a set of ideas he wants students, to acquire, he must 
ask himself very systematically, "What must the student already 
know how to do, in order that he can acquire this new 
knowledge?" The best way to construct the i nstructional 
sequence is to begin at the end and work "backward with a 
rigorous application of this question at ev6ry step of the way. 

Practice }s a natural consequence to knowledge based on a hierarchy 

of ideas. Gagne believed that it is not only necessary for the 

learner to acquire the more complex ideas, but he must have a .< 

method of recalling simpler skill.s for true learning to take place. 

< 

The best jnetbod of insuring that there is some permanence 'in 
developing this type of learning is practice and repetition, 
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Practice and repetition's not me^nt in the traditional sense, 
but taking previously learned ideas or processes and presenting 
them in new and novel situat4«ns necessary for the acquisition of' 
new ideas. In reference to what was previously s-tated-, Gagne 
defined ideas as "...an inferred capability of performing a class 
of task's." ^ 

•SUBORDINATE AND SUPERORDINATE SKILLS--- 
DEFINED FOR THE STUDX 

Robert Gagne (19€3) in describing knowledges (sic) that an 
individual should possess in developing general i zabl e behavioral 
skills in science, spoke of many subordinate skills. Knowledges 
carry the attributes of competency, skill and understanding, ^ 
Gagne postulated four conditions regarding the serious pursuit of 
science and learning. In the four postulates the recurring concern 
was on building and de.veloping subordinate skills to greater com- 
plexity. He stated: . - 

...each subordinate knowledge is conceived of as building 
upon, and in a learning sens^ depending upon, all of the 
.-simple subordinate knowledges in the sequence, as well as some 
M,n other sequences. A progression of sequences has been 

postulated which make for a high probability W learning the 
.next higher unit of basic knowledge, if the stu^dent has already 
mastered, the related ones below; and for a 'low probability i^ 
he has not. (1963) ' . 

This investigator defined the development of the more complex 

skill superordinate to the subordinate -skill. 



HYPOTHESES 

Research Hypothe.ses 

The experiment was designed to investigate the following 
research hypotheses: 

1. Bilingual children instructed in Spanish wil/T^earn 
science content and process skills a s'^ well as bilingual children 

* instructed in English, but nBitKer group will learn the content 
and process skills as well as students instrubted bilingually in 
Spartish and English when sciefice activities are presented in a 
subordinate and superord i na te order, 

2, Bilingual chi-1 dre'n recei vi ng science instruction 

i 

will demonstrate a preference for instruction in two languages 
(Spanish and Bnglish)^ rather than i"nstruction in a single 
langiiage, 

Stati stical Hypotheses 

To test the 'research hypotheses the following statistical 
. hypotheses were investigated: 

1, Subjects experiencing instruction in Spanish will not 
perform significantly better on science competency measures than 
those subjects exposed to instruction in English when the 
scientific content, is unicultural in nature, 

2, Subjects experiencing instruption in English will not 

perform ^significantly better on science competency measures than 

^^^^ • * ' 

tho^l^ subjects exposed to bilingual (Spanish and English) 

" i 

instruction v/hlen the scientific content is unicultural in nature. 
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^ 3* Subjects experiencing instruction, in Spanish will not 

perform significantly better on science competency measures than 
those subjects exposed to bilingual (Spanish and English) 
instruction when the scientific content\is unicultural in nature* 
4. Considering all the subjects within the study without 
regard to treatment groups there wilV be no significant difference 
between the proportion of bilingual children preferring a 
bilingual approach to science instruction when compared with the 
proportion of bilingual children preferring monolingual science 
instijuction, 

r 

DESIGN 

To test the stated statistical hypotheses^a 2x2 
factorial design with complete replication was used to analyze the^ 
science competencies qf bilingual subjects. Language was one of 
the independent variables and there wer| two levels* o,f this 
factor:* English and Spanish. Science content was the second 
independent variable and again there were, two levels of this 
factor, the subordinate and superordi nate science learning tasks. 
The dependent variables were two competency measures of sci"enc€ 
achievement and a language preference and attitude inventory. 



*Level s--"Many experiments are concerned with the influ- 
ence of two or more independent varlabtes, usually called factors, 
on a dependent variable. The number of ways in which a factor is 
varied is called the number of levels of the factor," (Edwards, 
1968) When referring to the independent variables, this nomen- 
clature will be followed, 
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There were four treatment** groups as can be seen in Figur^K 

Treatment Group One was instructed in English only on both the 

subordinate and superord.inate units of science instruction. 

Treatment. Group Two received initial (first level) instruction in 
> 

English and final (second level)' instruction in Spanish, Treat- 
ment Group Three received initial instruction in Spanish and final 
instruction in English. Treatment Group Four received instruction 
in Spanish only on both the subordina te and' <;iipftrnrri[inA tP un\f<: nf 
science instruction. 

4 

J 

Figure 1 

Organization of Tr.eatment Groups 
Initial Instruction 
Subordinate Science 



c 
o 

•r- 
U 

zs 
u 
-p 
t/) 
c 



c 

G 



01 

o 
c: 
o 

•r— 
O 

in 

o 
-p 
(0 
c 

•o 

o 

o ^ 
cu 
zs 
to 



I 

Treatment Group 
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III 

Treatment 'Group 
Spanish-English 


. II 
Treatment Group 
Engl i sh-Spanish 


IV 

Treatment Group 
Spani sh-Spani sh 



**Treatment--"Wi th two or more factors each with two or 
more levels, a treatment consists of a combination of one level 
for each factor. When the treatments consist of all possible 
different combinations of one level from each factor,. .the experi 
ment is described as a complete factorial experiment with equal 
replication," (Edwards, 1968) When referring to treatments or 
factorial designs this nomenclature will be followed. 
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There were a total of 104 subjects in the study randomly 
assigned with approximately equal numbers per treatment group 
(See Tabl e 1 ) . ^ - , • ' 

> 

Table 1 * ' . 

Distribution of Students in Treatment Groups 



School 



School A 



-Sc1rDTrT~r 



School C 



School D 



Total 



Number pf Students per Treatment 



Treatment Treatment Treatment Treatment Total 



1 



1 



23 
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. 6 



24 



31 



25 



26 



27 



26 



104 



The treatrqent groups were drawn from a population of fifth grade 
piipils in. four different schools. Though several school districts 
offered classrooms for the study, only those schools that had 
bilingual education through the fifth grade were selected. Also, 
the schools with the longest history of bilingual education 
through the fifth grade were selected as opposed to those schools 
with relatively new experience in bilingual education in the upper 
elementary grades. Thus, four schools v/ere selected for the study 
and the fifth grade bilingual students within each of those schools 
made up the population of investigative interest. When the class- 
rooms were' sel ected , the teachers in those classrooms were selected 
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as the Instructors, No other method was used in selection of the 
teachers for the study. Randomization of subjects and treatments 
was accomplished through use of random number tables for each of 
the schools participating 'in the study, 

Teacher Training 

A teacher training program was initiated to familiarize 
the instructors with the program and the intent of the study. In 
addition, teacher variability while not completely controlled was 
assumed reduced by the training sequences shown in F,igure 2 and 
the assignment of each teachef^'to the Instruction of the four 

^treartmeR^ grou ps in thei^ res]>^^G^A«^-^}uKU^^^ The four te.a^4ve^ — 

participating in the study were bilingual. All teachers had 
sufficient command of both the English and Spanish languages to 
teach both the introductory and final activities. The language 
proficiency of the teachers was established by the state certify- 
ing agency, the college from which the teacher graduated and the 

directors of the bilingual projects. The ability of the teachers 

*■ 

to demonstrate competence in the scienc'e activities was determined 
by the investigator in individual sessions with- the teachers. No 
dependen.t measure was taken of the teacher competency in science 
other than having them demonstrate proficieficy in the underlying 
concepts and the indivi-dual competency^ measures , 

Research op Science-^A Process Approach (AAAS, 1968) gave 
evidence that the amount of science a teacher had i-n college had 
little or no effect on the performance^ wi th Science-^A Process 
Approach material s or techniques. The evidence was taken from the 
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many teacher training projects throughout th^. United States and 
pilot programs in various schools, Th€ investigator assumed 
these findings valid for the purpose of the study. The teachers' 
ability to demonstrate the required competencies was verified- 
through the training sequence described in Figure 2. 

Figure 2 
Teacher Training Sequence 



Step 1 



Introduc ti on 



Exploration of Bilingual 

Sc4^rK^e— Ma4^r4^-l4===z- 



Step 3 



Step "4 



Step 5 



Training in 
Classroom Procedures 



Simulation of 
Experiment 



Di scussion 
Teacher Questions 



Training .Sequence 

The study utilized a five step .procedure in the training 

of bilingual teachers. 

Intro.^uct1on . "In step 1 the teachers were introduced to Science- 
A Process Approach materials in general, in addition to those 
appropriate to the fifth grade level, A minimum of one hour was 
spent with the teacher in thi s. endeavor and then the teacher was 
allowed to explore the materials. 
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Exploration of bilingual science materials . In step 2 the 
teacher was allowed to explore the materials to be used in both 
languages. The teachers were asTced to take them home and go 
over them thoroughly, ^ \ * - 

Training in classroom procedures . Step 3 was devoted to discuss- 
ing the specific processes, objective an<l sequencing of the 
activities for the classroom. 

Simulation of experiment . In step 4 the teachers demonstrated to 
the investigator the ability to conduct the science exercise.s, 
The^eachers utilized the .ma terial s and protocol called for in the * 
science activities. These demonstrations were conducted, in the 
absence of students, 

\ Discussion of teacher questions . After the activities were 
completed, the* investigator and teacher discussed any problems, 
real and anticipated, . Questions were clarified on the data 
collection -and the procedure of 'the experiment. 

Training Activity 

« 

A minimum of 'twelve hours with ea'ch teacher was spent in 
training. This training was conducted during the teacher*s 
preparation period and after school • During the actual imple- 
mentation of the science activities, the investigator visited wfth 
teachers and observed classroom activities. All the training 
activities were carried out with individual teachers and not in ^ 
group situations. During each week over a five wee,k period, the 




investigator would spend the first two days of the week with the 
northern schools, the third and fourth days wit^T^he southern 
schools and the fifth day in analysis of the work t<i progress and/. 




or in preparation for the nex-t week, , Often, time on tn^ fifth day 

V 

was spent with teachers, program directors and ,universi ty^^personnel 
involved in. evaluation of the bilingual programs of invest\igati ve 
interest • 

Material s 

The supplies arid additional literature for the instructors, 
including the required Spanish translation, were prepared by the 
investigator- To aid the instructor in/i ntroduc-i ng the first 
lesson, supplemental materials to distinguish between observation 
and inferences were provided by the investigator. Supplemental 
literature was also provided by the investigator for teacher use 
only. These materials and literature were not used in classroom 
situations but used only by the teacher during training (see 
Appendices A and B). The translation of English to vernacular 
Spanish of instructional materials was verified by practitioners 
in bilingual education (instructors at t|ie university level, 
teachers and project personnel) and language specialists (Spanish 
language instructors and curriculum specialists), 

* EXPERIMENTAL TREATMENTS ' 

The experimental scheme is shown in Figure 3, The com- 
petency measures relate to necessary prerequisite learning of 
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subordinate-superordinate content and processes as well as- 
facility with both English and Spanish. Each subject that was 
included in the study must have successfully completed the first 
competency measure and demonstrated 80 percent acquisition of 
observable behavioral skills as suggested by Science--A Process 
Approach (AAAS, 1968). 

Science Content for Treatment Groups ^ 

All the treatment groups were instr4jcted in two levels of 
science: one from Part D and one from Part E from Science-^-A 
Process Approach . As can be seen in Appendix C, the investigator 
made .minor modifications in the materials. These materials were 
judged appropriate by the developers of Science--A Protess 
Approach for the proposed age and grade level. Process skills from 
Science--A Process Approach , including Part D and Part E, are 
arranged in a hierarchial order and the levels presented to the 
subjects refl ected that hierarchy. 

The sequence chosen for investigation was Inferring from 

\ 

Science--A Process Approach (see Appendix D) . This particular 
sequence occurs through several "Parts" which are units than can 
approximate grade levels. Parts D and E were used in the study 
because of their appropriateness for students in the fifth grade 
who had not earlier participated in. the activities in Science--A 
Process Approach . In addition, Science^-A Process Approach makes 
a clear distinction between the ^competencies required in Part D 
and Part E. 1 
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Exercises in all eight of the basic processes are 
included in Part D. Observing 18 is the final exercise in 
the Observing ^process sequence, and only one or.-two exercises 
in the other basic processes will appear in later parts. 
Thus, when the children have completed Part D.,, their competence 
in all' of the basic processes should be. at a high level (AAAS, 
1968). - ' , 

Part E requires an integration of earlier skills and greater 
sophistication by the student.. 

Exercises in seven of the basic processes and four of t.t.e 
integrated processes are included in Part E. The four inte*/:- 
grated processes--Control 1 i n"g Variables, Interpreting Data,*-:.*; 
Formulating Hypotheses, Defining Operationally--are introduced 
in this Part. Approximately 60 percent of the teaching time 
is devoted to the integrated processes. There are two 
exercises each on Formulating Hypotheses and Defining 
Operationally, and four exercises each on the other two 
integrated processes. (MASj__1968) 



Subordinate and Superordinate Units 

The subordinate science content was based on a set of 
activities from THE DISPLACEMENT OF WATE.R BY AIR ^tSAPAV-Pffrt D- ' 
Inferring 5, Section E) and required the students to construct 
inference's from observations and to test those. . i nferences . The 
superordinate science content was based on INFERRING CONNECTION . 
BATTERIES IN ELECTRIC CIRCUITS (SAPA, Part E, Inferri ng. 7,. Section 
A). Inferring 6 was not included as it was horizontal to Inferring 
5 on the hierarchial chart (see Appendix D). The new set of 
activities in Part E provided a new situation for the student to 
demonstrate the transfer and elaboration of learning from one 
context tp another and modiflTing and generalizing prior learning - 
exper:ience to a more sophi sticated . 1 evel , Thei new experience with 
inference required ll^esting inferences and predicting future 
outcomes. 

id 

ERIC 




-53- ' 
Sequence 

As can be seen in Figure 3, after the initial treatment 
(subordinate science), the students were administered an individ- 
ual competency measure (see Appendix E) . The 94 of 104 students 
who successfully completed the first competency measure continued 
to the second treatment. The students who did not meet criteria 
were allowed to participate in the activities, but were not 
included in the final analysis. Success was defined as attainment 
of at least 80 percent of the specific task in the competency 
measure as specified by Science--A Process Approach . The score on 
the first dependent measure not only determined whether or not the 
individual'* would be a part of the final analysis, but after the 
.adiTrinTstra.t^an'^'ofv the first competency measure (dependent measure) 
the. factorial design required a one way analysis of variance. The 
Vecond individual competency measure (see Appendix F) provided the 
tf^cessary data for the one way analysis of variance. In earlier 
— studies, Walbesser and Carter (1968) discussed the validity of the 
competency measur.fi5/ .a,i-in.striiraents for determining success in 
' • '■ • .;; - -• ■■ S-c i en c &- - A' " Pro cess - A p p"r o ag h . , 

ATI' feiaf " treatment groups received 45 minutes of instruc/- ^ 
' t1o:n on, .the same day. Instruction days between schools differed 
-/;.j:r4-.VT--"sji0.riy <^^^ to th.e- number of students in each of the schools. The 
V...3nstr^.u-C:fii^ii'a^T 'period covered .a minimum of 20 days , and the number 
of •acti-VltltS. covered was consistent from school to school. As 
tan be seen in Figure 4, when a particular activity Wa^s being 
' ' preseTi't-ed, each treatment..g-roup .at each school received the same 
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Figure 4 \ 
The roonng ot ireatment broups 
for Purposes of Instruction 

*• 


Subordinate Science Instruction 


Same Day 


Science Activities 


Ist'Hour 


Treatment Group Treatment *'6'ro up 

•AND 

I II 
(English) (English) 


2nd Hour 


Treatment Group Treatment Group 

AND ■ 

III IV 
(Spanish) (Spanish) 


Superordinate Science Instruction 


Same Day ~ 


Science Activities 


■1 St Hour . 


Treatment" Group Treatment Group 

AND 

• I ■ Hi 
• , (English) ^ (English) 


2nd Hour 


Treatment Group Trea-tment Group 

.--^ND.J ' - 
II IV ^ 
(Spanish) ~~- -__-( Spanish) 
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set of activities. Additionally, in order not to differentiate in 
terms of time and quality between treatment groups in the same' 
language group^s, those^that were to receive their instruction in.^ 
English were pooled and those who were to receive their instruction, 
in Spanish wejc^-TTOix?! ed • The teacher, therefore, had to^teach the 
lesson twice (Spanish and- English) instead of four times/ The, 
result was that the different treatment groups rece'ived the same ' 
procedure within their assi gned^ 1 anguage set, - * • ^ 

DEPENDENT MEASURES. ' , . 

Competency Measures - ^ • . ' 

Evaluation instruments were designed by the authors of 
Science-'A Process Approach to measure performance by students *on' * 
the specific parts of the program. These measures were caUed^com- 
petency measures, and were prepared in. the form of separate tests, 
each to be a'dm.inistered after cbmplet.ion of a relevant sect.ion of 
instruction .' sFor this study, the ' researcher chose two of these 
measures, each corresponding, as specified'by Science--A Process 
Approach , to the selection of content used in the investigation. 
For example, in this study the .two competency ' mea sures were admin- • 
istered tb students who- participated in the science activities 
related to Inferring 5*(e) fVom^.Part D. and Inferring 7 (a ) ,f ronvl^art 
E of Scienc€--A- Process Approach (see Appendix C for a description 
of Jthese- sections). The children were allowed to answer questions 
on the comptetency measure in the language of thei r c hoi'cJe . The 
scoring on the .competency measures was done .by u^sing a bijiomiaT 
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scale: the performaace of behcivioV is either acceptable or not 
acceptable. The teacher scored the first competency measure and. , 
the investigator score-d the second competency measure. 

The competency measures are designed to sample the atta.in- 

.ment of the objectives stated at the beginning of the exercises. 
While the tasks on the competency measures are not dupl ica tes, of the 

• tasks in the activities, they are^stnviUr enough so that the student 
canapply and generalize what ^he has learned in the activities lead- 
ing up to the tasks on the competency measures. The strategy is to 
get the student to apply what he has learned in the science activ- 
ities to new situations rather than using straight recall or rote 
merporization. 

Val idi ty . The validity of tKe instruments or competency measures 
was assumed because Sxience--A Process Approach stated that the 
publishers had carefully teste'd the competency measures in their 

tryout groups over a three year- period. It was also this research- 

. I ' • 

er'« oftini^n' that the competency. measures used were relevant to the 
instruction under investigation, and. therefore had sufficient 
coTitent validity to be. ap*propriate measures. 

Rel iability . The investigator used the' Kuder-Ri chardson Coefficient 
Formula 21 (Ferguson, .1971) for determining the internal consistency 
of the competency measures. " . ■ ' 

As can be seen in Table. 2, the first competency measu^ had 
a reliability coefficient -of .12 and the second competency measure 
had a reliability coefficient of .63. These results were lower 

70 . - . 
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bound approximations based on the overall .group means and variances, 
Th.e low reliability coefficient for the first competency measure 
was due to. the generally Jow total variance in the groups and the 
number of items on the first competency measure. It should also be 
recognized that a more discriminating test is needed, but the 
nature of the individual administration of the competency measure 
precludes the addition of sufficient items to increase the relia- 
bility. The students performed well, as $cience--A Process Approach 
expects them, to; but it must also be recognized that the children 
performed equally well in Spanish and in English. 

The reliability coefficient for the second competency 
measure indicated thatthe measure as a whole tended toJUscrim- 
inate among subjects. This tends to support the selection of the 
exerci se^s_f£j04ii $cien'ce--A Process Approach as bein^ in sequential 
order because there is a considerable difference in the coeffi- 
cients of the first and second dependent measures. 

Table 2 

Kuder-Richardson Coefficient Formula 21 
for Each Administration of Each Competency Measure 





N 


Number 
of Items 


r 


First Competency 
Measure 


104 


5 


.12 


Second Competency 
Measure 


. 94- 


13 


..63 



0 " fif. 



Language Preference and Attitude 'Inv.entory 

At the end of the final, i.nst'ru.ctional seq'uenee a limited 
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response Inventory was administered^ to the students. The language 
preference. and attitude inventory consisted of .fifteen questions 
and was directly related to the science activities and classro0m 
environment in 'general. Contfent validity was assumed by the 
investigator based on question types utilized in other attitude 
and language preference inventories except that the inventory was 
bilingual in nature. Fourteen of the questions were of the limited 
response type; i.e., A or B or C, and the fifteenth was an open- 
ended question for the students to fill in. The inventory was - 
administered in English and Spanish (see Appendix G), The group 
that had final instruction, in English received the English version 
of the inventory an^d the subjects that received final instruction 
in Spanish received the inventory in Spanish. The rationale for 
the Spanish and English inventory was to detect if bilingual 
education and the science activities had any relation to the 
students' answers. 

. :■ 'RELATIONSHIP OF DESIGN TO HYPOTHESES 

■The design set up an experiment that would enable the • 
investigator to test the stated hypothesis of. transfer of learning 
science content in language complexes and. Language dominance, in 

learning. The exp.er1ment had bui 1 t-jn. control s, relative to Treat- 

• . . . . ' ' ,t 

ment Group Two (English-Spanish) af)d Treatment Group Thr^e (Spanish 
English); Treatment Group One (Engl i sh^Engl i sh) and Treatment Group 
Four (Spanish-Spanish) act' as controls in this respect. 

« » 
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Treatment Group One 

Treatment Group One, in the design, received total 
Instruction in English, Thi s\ group performance when compared 
with the other three groups should indicate whether or not 
subjects instructed in English performed significantly better on 
science content and process skills. All groups- were minimally 
bilingual as determined by the teacher and had par.tici patedM n 
bilingual education for at least four years prjor to the study. 
Because the population selected for study was heterogeneous when 
language and academic skills were examined, there was equal chance 
to demonstrate thaOthe Englis.h instruction is superior to other 
types of instruction within the parameters of the study, A 
significant difference in favor of the English-English treatment 
as opposed to Engl i sh-Span.ish, Spanish-English, and Spanish- 
Spanish would indicate that, at t1fis particular grade level,* 
within the limitations of the study and design, English might be, 
the preferred method of instruction for unicultural science 
content. 

Treatment Group Two 

Treatment Group Two had English instruction first and 
#jpanish seco.nd. This ♦enabled an examination of subordinate- 
superordina te learning when first instruction is in English and 
second In Spanish^ While this would be the case for other treat- 
ment groups, it became^^more critical when the language of instruc- 
tion as Well as the ^^^ience context is changed. Assuming that 
thjB Instructors were competent following training, success on . 

73 , 
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both the first and second competency measures would Indicate that 
the transfer effect hypothesized is correct because the first and 
second competency measures are the dependent measures for the 
analysis. The degree of success of Tre'a'tment Group Two on the 
second competency measure allowed, a comparison to be made with 
the-other treatment .groups . A significant difference in perfor- 
mance by Treatment Group Two would suggest that this is the most 
appropriate instructional sequence of the groups. Failure to 
succeed or a poor performance, in terms' of d.egrees of success, 
would lead to the conclusion that this mode of instruction Is not 
as desirable as that in those treatment groups showing superior 
performance. Because. this particular treatment group had the 
language of instruction changed (English to Spanish) from sub- 
ordinate to superordinate levels and be.cause the treatment is 
language dependent, the results would also lead the investigator 
to conclude that the transfer effect is only minimally successful 
and other contingencies must be taken into account'. 1% might be 
that repetition of instruction in both languages or in one 
language is necessary and that the subjects are expressing a 

« 

language preference. 

Treatment Group Three 

Treatment Group Three, Spanish-English, was the inverse of 
Treatment Group Two in the sequence of language, Treatment Group 
Three had Spanish instruction first and English instruction 
second. Superior -performance by treatment Group Three would 
Indicate that -the transfer of learning science processes and 
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content has occurred in relation to the Spanish-English sequence. 
The degree of success on the second dependent measure would allow 
the investigator to "state that this is the preferred method of 
instruction. Failure to achieve success would result in the same, 
conclusions as Treatment Group Two. ^ — 

Treatment Group Four 

Treatment Group Four, like Treatment Group One, was 
instructed in only one language. Treatment Group Four was 
instructed in Spanish which would enable the group to demonstrate 
a preference for or difficulty in this type'of instruction when 
compared with the other three groups. A significant difference i 
favor of the Spanish-Spanish treatment as opposed to Engl i s^-^-^^"™ 
Spanish, Spanish-English', English-English would indicate that at 
this particular grade level, within the limitations of the study 
and design, Spanish might be the preferred " "method of instruction 
for unicultural science content. • - 

LIMITATIONS 

Most researohrers that initiate a study in bilingual 
education find themselves in the uncomfortable position of cross- 
ing many disciplines. This becomes of increasing concern when the 
researcher is interested in a particular -discipline, as was. the 
case with this study.- This researcher's interest lies in 
bilingual science education-. The investigative problems 
Immediately surfaced: Would the linguistic aspects be adequately 
dealt with? Would there be a clear line of demarcation between 
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science education and linguistic concerns? Would there be an 
adequate treatment of language and cognitiaa? Certainly there 
were other questions that could be asked of a study of this 



^nature, but a caveat must be interjected at this point. This 



the learning of science. 

This study was an attempt to add a small but significant ^ 
bit of information to an area that is much like a sleeping giant. 
Sometimes it is better to get an accurate profile of the dimensions 
of a field of study in order to place an idea into proper per- 
spective, and sometimes we can learn a lot by taking a small core 



the experimental treatments provide a threat to the validity of 
the study. Limitations included: 

1. Geographic location of schools. As noted earlier, 
not only were there 400 miles of separation between the northern 
and southern schools, but differences in the location of the 
schools within the towns themselves. Additionally, the southern 
schools were closer to Mexico (45 miles) while the northern 
schools were located in areas that had had permanent residents 
for several generations, ^ . 

2. School environments. The school buildings and 
personnel were quite, different. For example, some schools had 
Anglo principal s .and some had Chicano principals. The classrooms 
varied. from school to school. Some classrooms were self-contained^ 



study did not attempt to exhaust the study of bil i ngual i sm and 




Lack of control of factors that vary systematically with 
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i 

with running water while others had no running water or were not • | 
self-contained. Some of the classrooms were permanent parts of 

1 

the school building and others were temporary, units. 

3. Teacher differences. Teachers differed in age and 
tenure. Their teaching experience ranged from one year to beyond 
seven years. Teaching experience with bilingual education 
followed much the same pattern. Preparation ranged from Bachelors 
to Masters degrees. There were three female arid one male teacher. 

4. Homogeneity of subjects. Students differed in home 
environments. Some students came from rural farms and were bussed 
to school and others lived in town y/ithin walking distance of 

the school. Some students had more exposure to media (ra.dio, , 
television, newspapers, movies) than 'other students. The language 
of the home varied from those that had total communication in 
Spanish to those that used conisiderabl e English. 

The list of limitations mentioned is not exhaustive but is 
included to indicate that the investigator was keenly aware of 
existing circumstances. 
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Chapter 4 « 

.4 

ANALYSIS OF DATA 

,In this chapter the analysis of data and statement of 
findings are grouped accord-ing to statistical hypothesis. Three 
of the null hypotheses were tested by the analysis of variance 
(Edwards, 1968) and one by use of Fattu's Nomograph (1939). In 
all tests Alpha was set at 0.05. 

INSTRUCTION IN SUBORDINATE SCIENCE ACTIVITIES 

There were 104 subjects in the study, as can be seen in. 
Table 3, divided approximately equally into four treatment 
groups. Table 3 also shows the number of subjects per treatment 
per school and indicates that there were nine subjects which did 
not meet the 80 percent criterion level established and were 
eliminated from the study. There was no trend nor significant 
difference established concerning which language treatment had 
the greatest attrition (see Appendix H for raw scores). The 
English-English treatment had the same mean attrition as did the 
Spanish-Spanish treatment. One successful subject from School 
B dropped from tte study. This reduced the N of 95 to 94 
students who successfully met the competencies required by the 
science activities related to "Inferring 5" from Part D of 
Sc1ence--A Process Approach and who participated. 

78 ■ 
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The^analysis indlbated that the* ma jor i ty of;\s'tu<ientS''|ij3Ld*''* 
acquired and demonstrated ttifi taiiipetencies required by -the ^ 
dependent measure f.br the subordinate science activities and'Wner*'* 
ready for the sejcond S€t of science actiV:tties at t h e^ 'su p ef -•••'*•'>'• 
ordinate level. • ':• • 

INSTRUCTION IN,- s'UPERORDINAtE SCif;NCE -ACTIVITIES 

Table 4 pr-esents meaniS- and standard dey;1ations for each , 
of the f our.-trea t^nents grouped according to sc.ho'oK The data 
.ind.icate's that there was. 1 ittle. variation .among or within schools 
and the standard error indicates tfiat ttie means were accurate 
estima't^es of the parameters^ The deviations about the mean were 
.dl;sb close ^am^oTig. groups • ' 

Table 5 sho;ws. the /sums of the means of treatment groups and 
•the sums o,f the me^ft.? <ff, school s: Presenting the means as single 
observations as' depicted in Table 5' allows the investigator to 
conduct the analysis when there were unequal N's (Edwards, 1968). 
The analysis/of variance using means as single observations is 
shown in Table 6. ' 
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Table 4 

Means and Standard Deviations on Seco-nd 
Competency Measure by Schools 



Dependent 
- . School A Variable 


N 


Mean 


Standard 
Deviation 


Standard 
Error 


Group I 1 


6 


10;i67 


1.169 


.477 


. Group II 1 


4 


9.500 


2.082 > 


1.040 


Group III 1 


4 


9.750 


1 .708 


.854 


Group IV 1 


5 


8.800 


1 .789 


.800 


School B 


Group I 1 


6 


13.000 


.000 


.000 


Group II 1 


6 


12.833 


.408 


.167 


Group III ' 1 


5 


12.800 


.447 


.200 


Group IV 1 


6 


13.000 


.000 


.000 


School C 


Group .1 1 


6 , 


12.333 


.817 


.333 


Group II 1 


• -5 


12.200 


.447 


.200 


, Group III 1 


6 


1 1 .000 * 


2.608 


1.065 


Group IV ' 1 


6 


12.167 


.408 


.167 


School D . ' 


Group I 1 


6 


12.167 


.753 


.307 


Group II 1 


8 


12.500 


.535 


.189 


Group III 1 


8 


12,375 


.518 


,183 , 


Group IV 1 


7 


12.429 


.535 


.202 
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Table 5 





Summar V 

w U lillilwl 1 J 


of Tr-eatment 


Group 


Means by 


School 




Group 


Group 


Group 


Group 


Sum of Means 




1 


2 


3 


4 




School A 


10.167 


9.500 


9.750 


8.800 


38.217 


School B 


13.000 


12.833 


12.800 


13.000 


51 .633 


School C 


12.333 


12.200 


11 .000 


12.167 


47.700 


School. D 


12.167 


12.500 


12.375 


12.429 


49.471 




47.667 


47.03 3 


45.925 


46 .396- 


186.021 



In the estimation of variance and experimental error a 
correction factor is attached to the within treatment mean square, 
MS. 



w 



SS =Sx + h 
df = ^ (n-1) 



MS.'. = 1.159 
w 



= 78 



t. 

IV 



90.370 



The correction is 
c = T/kl.l/n. ==1/16(1/6 + 1/4 + 1/4 + 



+ 1/7) = 0.177 



and the estimation of the variance becomes 
• CMS 



w 



1/k^l/n,^ MS^ = (1.159) (0.177) = 0.205, 
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Continuing with the sum of squares based on the data contained in 
Table 5: ' • . • 

CeM = (10.170)^ + (9.5Q0)^ +- (9.750)^ +;... + (1 2 .429)^ - ^- ' . 

(187)"^ = 29^.417 

Schools = ( 38.217 )^ • +- ( 51 . 633 ).^ ' + (iT^TOO)^ • + 

4 r~ 4 / / ' ■ 

( 49.470 )^ - . (187)^ = 26.629 

4 ' ^ ■ TS" . . . ■ ■ . ' 

I * 

Treatments = ( 47.670 )^ + ( 47.030 )^ -+ ( 45.930 )^ ,+ : 

4 - 7r~ ' ' ^ 4 

( 4^.400 )^ - ^ (187.)^ = "1.130/..,.' ' ^' " 

School X Treatments = Cells - Schools - Trea'tments • ^ . 
; ... = 29,417- - '26,629 - 1 , 1 30 - 1 ,658 , / \ ' '^'^ - 

/ ' * * ' - 

School s ' . * ' ' 

— ^ • ' . ' ,/,..-, ^. 

In reference to Table 6*. the analysis of varT{\*hce- shoi?/s . 

that there Is a significant F for schools, / . \, • 

*• / 
- V . , ^ ' • Tabl e 6 / ' . 

Analysis of Variance for AIT Treatmeiit Groups , . 
^ • qn the Second Competency Measure \ 

f ... ^ » — — — -— 

< * f* ' ^ 

Source of Variation \ Sum of Squares d,'f. Mean Square ' F 

Schools 

Treatment Groups 
School^ X Treatment 
ResiduaV (error ) . 

*Significant at 0,05 



26.629 


3 


. 8'.87^ 


43.384* 


1 .130 




0.377 


n .841 


1 .658 




0.184 


0.90V 


90.370 


♦78 


0.205 





To be significant, F (.05) had to be greater th^t^n 2,720, The 
value of F was calculated to be 43,384 which is highly signifi- 
cant influenced primarily by School A, Other, soc io-demographic 
variables as noted in limitations may^ have inf 1 uenced the 
significa^nt F, but these variables were not statistically 

T 

Investigated. The significant F was expected since the 2 x i2 
factorial design called for complete replications in four/ 
different -school s. The statistic indicates that the schools 
differ in overall level of performance. 

Treatment Groups « 

^.The calculated value for F showed there was no significant 
di'fference between treatment groups in the four schools. To be ^ 
significant F (.05) Jiad^ to be greater than 2.72.0. The calcul ated 
va^lue of i; was 1.841 which. did rfot approach significance; 

Interaction's " ' ■ ^ . ' ^ . ' ' ' 

\ J The , calculated value for F showed there was no significant^ 
interaction nhen schools were crossed with treatments To be 
sTgnificant^ F (.05) had to be greater^han 1 .990. The va\ue of 
F was calculated to be 0.901 ivhich did^ not approach significance. 

^ " STATISTICAL HYPOTHESES 

I 

Hypothesis One . ' • ' 'k • ' 

^ Pi '* 

Subjects experiencing instructjbn in Spanish will not 

perform significantly better on science competency measures than 
thase subjects exposed to English instruction when the scien- 
tific content is Cinicultural in nature; 

84 



.T^iis .hypothesis a& stated H n . the null • form was accepted as 
there was po significant difference between any' of the treatment 
groups (see TabU 6). It w^s concluded that' bil ingu'a'Ks^ibjects 
having tptal instruction i^i/Spanish performed ho. better on the. 
science competency measures than those bi.l i ngual /subj ects 
instructed bilingually in Span.ish and English;- They also per- 
formed no better than bi'lingual subjects who received their tdtal 
instruction in English. 

Hypothesis Two • ' 

^ , Subjects experiencin.g instruction in English will not 
perform significantly better on science competency measures 
than those subjects exposed to bilingual (Spanish and English) 
instruction when the scientific content is unicultural in 
nature', . ' . . 

This hypothesis as stated in the null form was accepted as 
there was no significant difference between any of the treatment 
groups (seeJable 6). It was concluded that bil ingual ' subjects 
having to^tal instruction in English performed no better on the 
science competency measures than those bilingual subjects 
instructed bilingually in Spanish and English.. They also per- 
formed no better than bilingual subjects who received their 
total instruction in'Spanish, ^ 



HypothesTS Jhree . ^^rt"i^^ 

Subjects experie^nc^og: instruction in Spanish will not' 
perform significant l^.betteir on science competency measures ; - 
•■ than those "subjec'ts Jxposed to^bil ingu-al (Spanish and Engl^^sh)\-- 
instruction whe'n. the -scientif ic content is unicultural in ... 
nature. , ,\ - , - . 
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Thts hypothesi's as stated in the.jlull form was acp^pted as 
there'was no significant difference betvreen any of the. treatment 
groups (see Table 6), It was concluded that bilingual subjects 
having total instruct^ion In Spanish performed no better on the 
science competency measures than those bilingual subjects instructed 
bilingually in Spanish^and English. They also performed no better 
than bilingual subjects who received their total instruction in • 
English. 

Hypothesis Four 

Considering all the sub^qcts within the study withou'^^ 
regard to treatjnent groups there will be no significant differ- 
ence between the proportion of bilingual children preferring a 
bi 1 i ngual . approach to science instruction when . compared with the 
proportion of bilingual children preferring monolingual science 
instruction. 

The null hypothesis associated with statistical Hypothesis 

Four was rejected. This was accompl i shed by using two st atistic al 

methods: FattuVs Nomograph (1 939) and the binomi^il distribution. 
As a result of 'these two statistical procedures, it was found that 
there was a significant difference, at the .05 level, in favor of 
the bilingual environment. 

There were fourteen Items analyzed on the Language Preference 
and Attitude Ii^ventory; three Items (1, 3, 8) related 'to the value 
and difficulty of ''the "science activities, and eleven items (2, 4, 5, 
6, 7, 9, 10, n, 1 2,' -13i:> 1*4} pertained directly to a language 
environment. The students chose a bilingual environment on ten of 
the eleven items, rendering this',statistically significant. See 
Appendix I for an analysi i/'by item, the statistical significance 



was' accorapl i5hed by summing percentages of A and B against C using 
Fattu's Nomograph (1-93^9) and then testing the hypothesis by the 
binomial distribution. Except for those students absent, all 
students , including those unsuccessful on the first competency 
measure, were administered the Inventory. 

The analysis, oV each of the items on the Language Prefer- 
ence and Attitude Inventory was accomplished by computing absolute 
.and r,elative f requenc i es 'on each item on the Inventory. Each 
frequency was then analyzed by using Fattu's Nomograph (1939) for 
tasting the significance of the dif^ference between percentages. 
Table 7 presents this distribution and analysis. ^ 

The questions on the Inventory are interrelated and are ^ 
directed toward the experience that the children had V/ith the 
science exercises. The questions also relate on a more general 
.basis, to the children's overall reaction to bilingual education. 
To simplify tlie interpretation of the Inventory, ^ the questions are 
classified into three categories as follows: ' 

Attitude toward science instruction . Included in this category;..; 
were five questions dealing with science i nstrtictiQn and Situdenjii ' 
attitude toward tha t i ns truction ^ ;. v V * • A; • 

1. I feel the science ac tii vi ti eSs oW^ di'tl ' i n class., the lag't 
two weeks were: . r :/ ' *i - ^ : 

A. Very difficult for -me tt) irn^iers ta^^d" .1 

B. Sometimes easy for me to iin<jier stand and sometime^/' 
not easy to understand , " •* / i' . .. ^ ^ . ;: 

C. Clear and • easyi for me to unde/s ta^ct ^ y^;, ./> 

2. I think that I can '.learn sciehce(^bett>er:^wh*^6n5^.f 
t a u g h t i n : • i " > a - 

A. Spanish \ • ^ } ' ' ^ ■ 

B. English ' ^ • \ ' >^ l / ; ^ . . 

C. both Spanish and English ^ ; ."^ ^ . .\" 
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' Table 7 
Frequencies and Percentages 
''for the Lahguage Preference 
and Attitude Inventory 







Percentage of N 


answering 


Significance 


Question 


N* 


Choice 
A 


Choice 


Choice 

c 


AvB 


Ave 


BvC 


A+BvC** 


1 


101 


7 


57 


36 


.01 


.01 • 


.05 




2 


101 


7 


31 


62 


.01 


.01 


• .01 


.05 


3 


101 


3 


20 


77 , 


.01 


.01 


.01 - 




4 


101 


7 


24 


69 


.01 


.01 


.01 


.05 


5 


101 


7 


'30 


63 


.01 


.01 


.01 ■ 


.05 , 


6 


1 01 


8 


14 


78 


NS 


.01 


.01 


.05 


7 


101 


11 


18 


71 


NS 


.01 


.01 • 


.05 


8 


101 


5 


33 


62 


.01 


.01. 


.01 




9 


101 


12 


8 


. 80 


NS 


.01 


.01 


.05 . . 


10 


101 


18 


44 


39 


.05 


.01 


/oi 




11 


1 01 


14 


26 


. . 60 


.01 




.01 


; .05 


12 


101 


11 


31 . 


58 


.01 


- • oj 


;01 • 


.05 


13 


101 ' 


5 


12 


83 


. N S 


.01 


.01 


.-05 


14 


i 


10 




59 


-.01 


.0] 


.01 


.05 • 



*The N- reflects the total number o^f s'tudents available when the 
Inventory was a^iilinistered. 

**In the bilingual category Choice C was selected In ten out of 
eleven possible ijt;enjs. .. 



75- 



3. The way science activites were presented in our class 
the last two weeks was: 

A, of little or no value to me 

B, of some value to me ^ ' 
• C, of great value to me 

8, The language that the teacher used -in explaining our- 
sciance a.ctivities was: 

A\ not very understandable 

B, sometimes iinderstandabl e 

C, almost always clear and understandable 

11, I think the science a'ctivities were more , interesting 
when the students talked in: 

A. Spani sh 
.B. English 
C, both Spanish and English 

In summary, the students' overal 1 reacti on was that the 

scrence activities were challenging but were neither too easy nor 

too difficult.' The pupils also indic^ated .that they preferred 

bilingual instruction and felt ."thcit th^* knowl edge, gai ned was of 

great value-. The Students thought tha\ the ^teacher ' s explanations 

and instructions were clear dnd felt that the activities were morje 

interesting when the.- students conversed in both English and Spanish 

Preference and attitude regarding the instructional environment . 
This category conveys the students' expressed preference and ' 
attitude regarding the instruction envirpninent . 

4* I feeT better wKen the teacher talks ,in: \ ' 

A,;. Spanish . 
^Bv • Eng3 ish - . 

C,^ fe'pth Spanish and English \ " ^ . - ' , 

6, I -think^-we shotild use fnore; ' - 

' 'A.*^ Spanish inateri.al s,.1n\cUss * " / ' ' ; • 
' B, Engl i^t" m'ater4al s in cTass - y . ^ 

C, ^ materials using bo$Ji the Eng^Vi'sh an'd^Spanish 
1 anguage , . . „ • 
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7, I think*the school should offer more subjects in: 

A • Spanish • 
English 

C,- bo.th 'Spani sh and English 

12* I feel better when our lessons are in: 

A, . Spanish ' . 

. English 

C.v botK Spanish and English 

14, I am\able to pay atteation better to the class. work\ 
when the' instruction is in;^ 

A. • Spanish * ^ * ; 

B. English c ^ ^ • 

C. ^^both Spanish and Englijsh /" . • ' 

The students expressed th-e^^^opinion fh^t they preferred the 
teacher to sp^ak bilingually and tlie need for more bilingual 



materials. The students also exi>ressed a desire to have more 
subjects or^disciplines taught bilingually. The students felt^ 
better when, the instruction was bilingual and felt that th.ey 
attended mor.e to lessdns wheiT they were conducte.d bilingually, 

■ Attitude about bi if n'^ual education in general . This .category 
indicated fhe^ students * expressed opinion about bilingual education 
in general - ; 

,5, I I ike to speftk: 

A, Spanish in class 
' ' . B, Engl ish In class 

C. both Spanish and English in class ^ . 

9, I believe scho^ Is more intelresting when: 

A, the tfiacher teaches in Spanish 

B, the teacher teaches in English 

.C, the teacher . teaches In English and Spanish 

10, When I expl aiif^methi ng I can do it better using: 

A, ^Spanish- • ^ 

Bv Engl ish 

-/'"^ C, Spanish sometimes. -artd English sometimes^ 
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13, If I had my choice I. would go to a school where: 

A, only Spanish is used io the classroom i \ 

B, only English is used in the classroom 

C, both English and Spanish are used in the classroom 

The*students indicated that they preferred to speak both. 
English and Spanish in class, but felt that they, could express 
themselves better in English, A possible explanation is that the 
dominant language outside the home is English which is reflected in 
the media. They believed that school was more interesting when 
teachers were bilingual and preferred to go to a bilingual school. 

Ex^)lication of the Inventory , Table 7 presents the frequencies and 
percentages for responses to. each of the questions and the level of 

significance attached ^to each jque^ion App^eMJ-X-^G^presents the . 

questions in the order in which they appear in the Inventory. The 
questions are showji in. both English and Spanish, although as can be 
seen in Appendix G the English and Spanish Inventories are separate 
Appejidix I pr€hse.nts the analysis of the questions allowing a compar 
ison to be made between^each question> and the significance attached 
to it, ' " 

/ ' SUMMARY . 

• ?The analysis of data indicates that there was no signifi- 
cant difference between treatment gr'oups. There Was a between 
scho«^ .d^erence but. this djlfference \s normally expected when 
uslng,^ several schools tn J study such as 'this. The students did 
Indicate a preference for bilingual ins;truciion and for .aifi envir.on- 
.ment,.that reflected both the Spanish arid English lan'guages; ' 



Chapter 5 ' . 

> 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

SUMMARY AND CONCLUSIONS ^ " " . 

Summary - » 

The purpose of this study was to determine if single 
language' i nstruction was any more efficacious than bilingual 
instruction in a science context. A main concern of the study was 
to investigate the transfer of learning science content and'process 
skills from one language to another. Additionally, information was 
sought on the students' reaction to bilingual science instruction. 

^ The »study. inv,olved 104 .fifth grade children from four 
different schools in Nfew Mexico that had had bilingual education 
for at least four years prior to the study. The students were 
randomly assigned to one, of four treatment groups at each of the 
four schools. The four treatment groiflks were instructed in 
subordinate and superordinate units of science. 

Treatment I (English-English): This, group was instructed 
. in English only* on both the .initial arilJ final- 
units of science instruction^^? 
Treat,mentJI (English-Spanish); This^i»-e«p received „ 
■ ,' . initial instruction in Eng-l.ish and final 

\ , instruction' in Spanish, >: 

Treatment III (Spanish;-Engl4sh):.;. This. groU.f> T,^"ce1Ved^^ 
• - initial instV^ic^tioti Spanish a'rvd final 

thstrifc^^^^^ v '^ " 



Treatment IV (Spanish-Spanish): This group received 
instruction in Spanish only on both the 
subordinate and superordi nate units of science 
i nstruc tion . 

,^ When the classrooms were selected, the teachers in each of 
the four schools were naturally selected as the instructors for 
the study. Thus, each bilingual teacher was responsible fO| fouj^ 
treatment groups within his/her school with equal replications in 
each school , 

Prior to instruction all teachers were trained in the use 
.and presentation of the selected science units. This training 
program was initiated ta- fami 1 iari ze the, instructors with the 
program and the intent of the study. In addition, teacher vari- 
ability While not completely controlled was assumed reduced by 
the tra i ntng program. 

Three' dependent measures were administered to the 
students/ The first dependent measure sampled the student perfor- 
mance Jo initial science instruction. This measure was administered 
immediately after instruction in the subordinate science activities, 
and each child took, the individual competency measure. The 
studefti' was required to SG.ore correctly on at least 80 percent of 
the melsure to lijeet criterion. The second dependent measure 
sampled the'student performance on the "fi rial set of' science 
activities. This measure was also administered ind'i.vidualty and 
immediately upon completion of all 'activities in the unit. 



Both the initial and final activities in science were 
taken from a set of exercises from Science--A Process Approach . 

The third dependent measure was administered to all 
students to measure student language preference and attitude 
toward science instruction. This measurevwas administered after 
completion of both science activities and was administered in both 
Engli.sh arid Spanish* 

Findings 

The analysis of data and statement of findings are 
grouped according to statistical hypotheses. Three of the null 
hypotheses were tested by the analysis of variance and one by use 
of Fattu's Nomograph , In ^all tests, Alpha was set at ,05, 

1, There were no/significant differences among treatment 
groups and it/ was concluded that subjecj:s experiencing 
^ instruction in Spa^nish did not perform significantly 
better than other treatment groups. Thus, the null 
hypothesis was accepted, 
' 2, Subjects experiencing instruction in English did not 
perform significantly better than other treatment 
groups, 

'3, Students instructed in Spanish performed no better "orT 

♦ 

dependent measur'es than those instructed bilingually, 
4, The students showed a statistical preference fot a 
bilingual environment as opposed to a monolingual 
- enjv-ironment. This was significant at the ,05 level. 



Conclusions 

Tlie major finding of the -study was that there was ho 
significant difference between treatment groups receiving instruc- 
tion bilingually or having instructioni^in a single language. The 
students receiving total instruction in English did no better on 
the dependent measures than those students^recei vi ng total 
instruction in Spanish, and students receiving instruction in both 
Spanish and English performed just as well as those instructed in 
a single language. 

The. data' in this experiment indicate that the students 
have reached a level of language fluency and competency which 
allows science instruction in either Spanish or English and can be 
expected to demonstrate learning abilities equally well in both • 
languages. Thus , bi 1 i ngual . chi 1 dren in this study in the fifth 
grade, after having been(!ji'^^s^ucted bilingually for four ^ear'sr 
prior to the study, can' perfonm on specific learning tasks as well 
in. Spanish as in English. This finding tends to support one of 
the underlying assumptions of bilingual education: that is, by 
using the 1 anguage that the child is more familiar with will 
facilitate his cogni ti ve/aaad'emic development and^ by incrementing 
instruction in the weaker language it is" expected that, after a 
period of time, there will be equal facility in 'learning through 
the use of both languages regardless of subject matter or corrte^nt. 

There ar'e'other posslbile peirtinent interpretations that 
m^ght be drawn from" these findings. For example, it might be 
concluded that these results stemmed fromthe teachers teaching 



for the test,; This investigator judges. that this interpretation 
is not likely, based on the training procedures' employed, his 
careful monitoring of both the teaching and testing conditions, 
and his judgment of the teachers' own professional conduct* 

Further, this interpretation could be tested only by 
employing eit^uojr^a different curriculum not so structured, or by 
using criterion measures cofnpletely Independent of the .curr icul um . 

Because Science--A Process Approach iSi designed to fo'ster 
•success, this could account for the relative lack 0/ difference 
in the performance of the* chilcfre.n. However, this conclusion 
was not statistically tested* * ^ 

The students preferred a bilingual environment as opposed 

to a monolingdal 6hvironment* 

* _ ' ' 

There were other outcomes of the study that are directly 

related to bilingual education. The first is support for the idea 

that the bilingual teacher doe^s -npt have to repeat the lesson 

verbatim in both languages for, students and the second is that the 

experimental design does provide a measure for the classroom 

teacher to investigate language doTninance in bilinguaV children. 

The teacher should be able to judge the extent that children have 

moved toward the postulated equal facility in learning regardless 

of language qf instruction, 

RECOMMENDATIONS ' 

ReAmendations^ for Further Research - 

This study on bilingual scienj:e education does carry with 

• ' 90 ' 



it implications for further refinement and research. Some of the 
recommendations. may help in the development of such a research 

c 

endeavor. 

Extension of the study ; In investigating and evaluating bilingual 
programs, a continuous effort to seek those schools that reflect 
rural and metropolitan areas^separateJ^y-^Fiirtnd be made. Studies 
that are-conducted in large mairtJ^itan areals are seldom valid in 
rural situations, notwithstanding the geographic areas. Nonethe- 
less, much information generated from studies i n "metropol i ta n 
•areas have been extrapolated to the rural classroom. Information 
needs to be generated in as many bilingual school ' environments 
as possible. 

' • » 

Additional process skills . Science exercises in this study were 
taken from Part D and Part E from Science--A Process Approach. 
The set of exercises centered around the basic ?cience process 
skills of observing,, inferring, and predicting. These activities 
are listed as part of the basic process skills.' The experiment 
could be carried out over a period of a year, iftil izi ng some of 
the integrated process skills from Science--A Proc ess Approach 
which requires a greater sophistication on the part of the student 
One indication from the study was that the students performed 
rather equally across groups; the integrated process skills might 
serve to statistically distinguish between treatment groups. 

Bilingual programs in schools develop horizontally, 
vertically, or a combination of these two methods. Horizontally, 



they start bilingual instruction in a partjcu1?ir grade in a school 
and expand it to other schools. Vertical ly", 'the. bi 1 ingua! programs 
continually add a grade level each year; for example, tf they 
start with the first grade in a ^chool, the next year the program 
would include the second grade. A cambination of these approacKes 
^ is found ifi bilingual programs. As a recommendation for further 
research a greater number of classrooms might be included and a 
vertical arrangement of the selected classrooms ranging in 
exercises from the basic process skills through the integrated 
skills. 

Additional dependent measures , the dependent measures were 
administer^ immediately upon completion of the several actfvitfes. 
in a particular exercise. ^ Although the testing of individuals 
might take several days the results gave indicationsU)f the 
immediate retention effects. Perhaps a measure should be made 
a week or two or longer after instruction. This situation would 
allow for a delayed measure- of learning in addition to^ the 
immediate retention effects. 
m 

Language preference and attitude . TJie Language Preference and 
Attitude Inventory should include a larger number of items^'in 
categories of attitude toward science instruction, preference a,nd 
attitude regarding the instructional environment, and attitude 
about bilingual education in general.. Those areas of the Inventory 
in whith there was no significant difference between items merits 
further scrutiny. / ^ ' \r ' 
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Modif ication of testing technique^ As a recommendatio/i for 
^further study, the competencies of individuals should be assumed 
to be randomly distributed among the treatment groups so that only 
a random sample of those pupils included in the study would 
validate the experiment. The administration of the individual 
^'ompetency measures or the manner in which the individual testing 
is conducted is too time consuming for the instructor to administer 
to an entire class in an experiment of this nature- The afore- 
mentioned suggestion would a'lso allow for a larger number of items 
to be included on the dependent measures to make the iridividual 
exami nat^ions more discriminating. ^ 

Recommendations for Existing or Proposed Bilingual Programs 

The following recommendations are not drawn from the 
empirical findings in this study, rbut* are inferred from experiences 
and observations in the field. These recommendations are directed 
to existing or proposed bilingual programs. While in mo'st cases. 
th*e_ recommendations are directed to specific areas of bilingual 
education; e.g., science, social studies, etc., they are general 
enough to be applicable in most bilingual program situations. 

Cultural influence in science education . The need for constructing 
a.bilin-gual science curriculum is highly desirable for bilingual 
•programs. However, as is recognized in most national curricular 
projects, especially the science oriented ones, the cost is quite 
high. The^ cost factors do. seem prohibitive and concomitantly 
there is a dearth of resource people with expertise in bilingua.l 
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science education which might' be involved in the program 
-preparation.^ Nonetheless, bflingual science curricular materials 
are in high demand by individual bilingual projects and. indica- 
tions are that they will continue to be in high demand, 

Perhiips the best method for a .short range solution is to 
take techniques and materials developed for use in the United 
states and adapt or modify the materials to a bilingual situation. 
Certainly this idea is not unique as many materials developed in 
the United States are in use, in a Spanish translation in Spanish 
speaking countries.- Thus, by using materials and curricula 
developed for use in the United States and modified and translated 
for Spanish speaking countries, it is quite possible to again 
modify the Spanish translation of these materials for use in a 
bilingual situation. As a short range plan, for immediate utili- 
zation by projects, this'idea might be feasible, though not the 
most desirable if a national bilingual science program is needed* 

Many projects are currently developing science units that 
are historically or culturally suited to a particular region or : 
geographical area. This idea could serve until sufficient projects 
have utilized science curricular units that are project specific; 
Time would then allow for national scrutiny of these local projec,p 
and the devel opment^of general trends to guide a national bilingual 
project in science education. - " ' ! 

It is quite evident from field observations that bilingual 
education needs a sequential program in bilingual science ^ 
education. This is especially significant in that many of the 
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Spanish speaking bilingual programs are 1n their fifth year of 
continuation. Some programs have now expanded into the secondary 
schools and it is very important that a firm foundation in science 
be articulated from elementary through secondary schools. It is 
also clear that science educatipn in bilingual schools can no 
longer be given low priority in contrast to other subjects that 
have dominatecl the concern of bilinguat educators. 



Implications for teacher training . Teacher training institutions 
should include in their science methods courses laboratory experi- 
ence in science education with some aspects of a pluralistic 
society. Bilingual methods courses should aid and foster the use 
of science as viable an avenue to intellectual and academic growth 
as any othet content area. Bilingual methods courses, along with 
elementary and secondary sci'ence methods courses are not mutually 
exclusive and eveiry opportunity should be taken to exploit those 
areas of mutual concern." The training of teachers, both pre- 
service and in-service, in bilingual science education should no 
longer be ignored. 
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SUPPLEMENTAL LITERATURE FOR TEACHER TRAINING 
FROM GUIDE FOR INS£RVICE INSTRUCTION 
SCIENCE-^A PROCESS APPROACH 
(AAAS, 1967, p. 11) 
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• OBSERVATIONS AND INFERENCES 

* ' In the exercises to follow the child should begin -to 
distinguish between observai/ions (what 'a person sees, « smells, 
hears ,■ touches , and tastes) and inferences (what a person thinks 
is responsible for what is observed,. or how a person explains his 
observations) . If the trhildren do not know the distinction 
between observations .and inferences, demonstrate to them that an 
observation is, something that a person sees, touches, hears, 

smells, tastes in other words, something that a ^er.son experien- 

ces with his senses. . Explain that an inference is a person's 
idea about how his 'observations might be explained or accounted 
for. . ' 

it is important that children use the terms correctly • 
in their, science activities, and it is also importa'nt that they 
use them correctly in other activities. - 

Observations are basic to any scientific investigation. 
These observations in turn lead to the construction of inferences 
that can be tested by further observation. Therefore, observing 
provides both a basis for constructing inferences and for testing 
existing inferences'. • - ' 

Observations are statements of properties that can be 
perceived by use of the senses. A statement such as, "This cube 
is made of- sugar", is not acceptable as an observation because 
"sugar" is„not a property perceived by the senses. For example: 
I observe that'Jn object is white; that it is a cube with edges; 



■ . • ' ■ -9.9- 

that it tast€s sweet*; that it is odorless; and that it disappears 
tdissoives) when placed in water, I infer ^ on the basis of • 

- / 

these observations,/ that the object is sugar. 

■/ 

Conclusi^s or ideas are called inferences. An inference 
is a statement about a specific event or object that is based on ^ 

observations Init which itself is not an observation. It may be 

• / ' 
an explanation of the observation. 

Learning to make careful and valid inferences in 

scientific work requires a critical attitude toward one's own 

irfferences as well as those of others. From now on^ you should 

try to develop this critical attitude by reinforcing the 

conscious distinction between an inference and an observation as 

the situations ^arise. Ask questions such as: Is that an 

observation? Did you actually see a dog run away with your ball ? 

Or is that an inference? In other words , is that what you think 



may have happened ? 



VOCABULARY 



Observation 
Inference 



Senses 
To infer 



Displacement 
Displace 
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SUPPLEMENfARY LITERATURE FOR TEACHER TRAINING 
FROM CONSULTOR-CIENCIAS, NATURALES NIVEL 5 
(SANTILLANA, 1971, pp. 5-27) 
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€iVU\M A UrMMtttHi OEL-TrEMPo, /^JM&YMOW- 





Para observar es necesarlo utillzar los sentldos. 
No hay que confundir observacidn con interpretacidn^ 

Cuando vamos mSs alld de lo que nuestros sentidos perciben hacemos inter* 
pretaciones. 

En la observacidn debemos usar el nnayor nunnero de sentidos posible. vista, 
ofdo, tacto. gusto, olfato. 

Cuantos nnds sentidos utilicemos. mSs completa serS la observacidn. 
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$!ERVAC!0«e4/ DECIR, MA0 HE«iHO ilWA 

»NFER£NC*.A. 
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CE^ RUEPE '^ER ^iWAiNFEREWOA FM5^ 
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Inferir es dar una expllcacidn basada en una o varlas observaciones. 

Toda inferencia debe basarse en observaciones. De lo contrario. seri una adivi- 
nanza y no una infereiicia. 

Las inferencias pueden ser verdaderas a falsas. 

Para comprobar si una inferencia es verdadera hay que realizar nuevas obser- 
vaciones; asi podremos saber si nos hemos,.equivocado o no. 
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MORA. 




10 H. 


0 t^n. 




10 






10 m 




10 a 






10 H. 


20 m 



BLA O^DAfOP.lK 
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. <rEH pKgpieetot/e^. VA- 




{ W9 AlA^^EMA...? • ) 



mAf/YA LO%H<5o/CA0APlAn 
JSLp^ £N LA cum C'lHCOM'ifiH' 
m -fA^E. OUBELpfAAtnE- 
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Cuando declmos lo que observamos. antes de que se produzca un hecho, rea* 
llzamos una predlccWri. 

La predlccldn clenti'flca debe estar basada en observaclones y.medlclones an- 
terlores. 

Sin observaclones y medlclones anterlores, no pueden reallzarse predlcclones: 
s6lo adtvlnanzas. - ' i; 

Una predlccl6n puede ser errdnea; la linlca forma de saber si es acertada es. 
comprobaria en la realidad. 
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APPENDIX C 

SCIENCE — A PROCESS APPROACH 
PART D, INFERRING 5 
THE DISPLACEMENT OF WATER BY 'AIR (e)' (AAAS, 1965) 



SCIENCE--A PROCESS APPROACH 
PART E, INFERRING 7 
INFERRING CONNECTION PATTERNS IN ELECTRIC CIRCUITS 

(a) (AAAS, 1968) 
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INFERRING 5: THE DISPLACEMENT OF WATER BY AIR 



OBJECTIVES 

At the end of this exercise the child ^should be able, to 

1. DISTINGUISH bety^een observation and infere(nces about 
the displacement of wAter by afr. 

2. CONSTRUCT an inference ^to explain the movement of 
liquid out of an inverted container when air moves 
into it. 

t 

3. DESCRIBE observations he can use to test his inferences 
about the displacement of water by air, 

SEQUENCE 



Constructing inferences 
concerning the shape 
of an object on the 

basis of observations 
of transverse, slant 
and, logitudinal 

sections of the object. 

Inferring 8 



- Describing the 
expected outcome of 

future observations 
based on inferences 
formulated and tested 
by the child. 



Inferring 7 



Describing 
observations which 
can be used to test 
•an inference • 

THIS EXERCISE 

Inferring 5 



Demonstrating that 
inferences may need 
to be altered on the 
basis of additional 
observations . 

Inferring 4 
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RATIONALE 

O This exercise will give the children further experience in 
making inferences,. In earlier exercises^ they have made inferences 
from their observations of ^familiar situations. Here, they will 
make inferences from observations of less familiar* phenomena / 
and they will also test these inferences. As before / the children 
will be asked to give, their reasons for the inferences they make. 
In this exercise, they may feel very certain that the air push^ 
the water out of the bottle , but they may not be able to state 
clearly why they think so. Nevertheless, urge them J to. try. 

Every inference a child makes, no matter how unreasonable 
it may seem, should, be subjected to the same careful analysis. 
Some children make better inferences than others because they make 
more obsearvatiohs, keep their observations more clearly in mind, _ 
or have a richer store of prior knowledge to drawjon.. This 
difference in the ability to infer should be an advantage, "since' 
the objectives of this exercise will be satisfied more completely 
if the children have an -oppottuftity to compare a variety of 
inferences. 

To give the children practice -in writing, suggest at the* ' 
end of each activity that they write one or more inferences 
based on their observations. If they have difficulty in doing 
this, let' them dictate. to you as you write on the board. Have 
them <io their own writing in the Appraisal ,' however, unless they . 
are very poor at writing. n - 

VOCABULARY' ' 
displace 
displacement ^ 



lesplazar* - 
despla5!amiento 



Materials 

Listed below are the materials required to conduct .this 
exercise • » * ' ' 

2-liter transparent containers f 6 
Trays / 6 

Soft-dfink bottles, 6 

Cardboard/ approximately 13 x 24 cm, 1 piece 

China marking pencil, 1 * ' - 

Food coloring, 1 bottle . ' - 

Flexible straws, 10 ' . 

Drinking glass, 1 ' ^ 

White paper towels 1 

Seltzer tablets, 2 for each child tested 



- Introduction Procedure 



Introduction. As you work at a table ini the front of the 
room/ let the class watch you prepare the apparatus shown in 
Figure 1 according to the following procedure: 

1. Fill one of the transparent containers, which has 
been placed on -a tray, about half full of water. 

2. Fill a soft-drink bottle with water and hold a small 
piece of stiff cardboard, cut from the sheet, firmly 
over the mouth of the bottle. 

3. Invert the bottle. and put it mouth downward in the 
water in 'the container. 

4. .Remove the cardboard. The water will not floW from 
.the bottle, if th^e mouth is below the surface of the 
water in' the container. 

5. Put several paper drinking straws near the container. 




Figure . 1 



130 



-117- 



ERIC 



* children if it is possible to get the water out 
Of the bottle without turning the bottle over or pulling it out 
Of the water. Encourage their suggestions and discuss them, 
continue to^ ask for other ideas until someone suggests using one 
of the drinking straws to blow*^bubbles of air into the bottle. 
IZ t^t^''^^^ !J^"f^ before the suggestion is made, make it yourself 
by asking. Could ^ou blow air into the bottle with a straw? 
dPuedes soplar en la botella corTel £0£ote? — : 

.» 

Activity 1 

Set up equipment as, you did in - the- Intro duction for each 
■ i'^f^''^^^'^''^"- Be. sure that each Child has a straw. -■ 

?o i f""^" ^° bubbles through, their straws 

ohJ^^J^ ""^^^f °^ bottle. Tell them to make careful 
observations and to list their observations on the chalkboard. 
•Insist on accurate statements of observations, such as these: 

Bubble went up into the bottle. 

La espxuna de aire subi6 en la botella i 

Some bubbles went up outside the bottle. 

Algo de la espuma de aire subi6 alrededor de la botella. 

The water level in the bottle went down. 

El nivel del agiia en la botella baj6. 

*.v, u^fS-.^^® children what they think happened to the water 
in the bottle. Take time to draw out as many different inferences 

SI J,"?^! ^il^^i"^^^ °" another section Qf the chalkboard. 

Be sure - the children distinguish clearly between what they 
actually saw (observations) and what they think was responsible ' 
tor it (inferences) . . " . 

u ^® ^^^^ pushed the water out of the 

bottle. (They may even have learned this previously.) ' 
Nevertheless, this view is still an inference and must be tested. 

Activity 2 » 

u ^ u children how they can test their inferences about 

what happened to the water that went out of the bottle (in 
Activity 1) How would YOU show someone else that the air pushed 
the water out of the bottle? d C6mo le- moit^Ergj -j StFolfHe el 
aire despl^ el agua fu,era de la b5tella ? VarIoiIi~te¥ti iFe 
possible. A few are described below. Follow the children's 
suggestions as much as possible. If it is necessary to encourage 
suggestions, ask questions such as these: Does the level of water 
in the containers change when you blow air into the bottle?" How — 

could YOU tell ? Could you make the water ir"the" bottle look 

different from the water in the container and watch wheri^ goes 
when you blow air into the bottle ? d CambTa~ ir Eivil diTTglli iH~ 

la bandepa cuando soplas en la botella ? j cSmo sabes~isto ? 

dPuedes hacer ^ue el agua en la botella cambie para dlitlnguirla 
en la bandeja ^ notar adonde se va cuando soplas en la 
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There is a fairly simple way to test the inference that 
the water flows out of the bottle when the air flows in: j 
Measure the change in water level using the china-marking pencil 
to mark the water level in the container before and lifter blowing 
air into the bottle. Since the bottle must be kept immersed in 
the water to the same depth while the air is being blown into it, 
also make a mark on the outside of the bottle and be sure some 
child in the^ group holds the bottle so that the mark stays at . the 
water line. To confirm that the rise of the water level in the 
container is produced by the amount of water in the bottle, the 
children might empty the container to the first mark, pour water 
out of the refilled bottle into the container, and see whether the 
water level reaches the second mark. 

A direct, and convincing method is to color the water in 
the bottle, but not the water in the container. If the unstoppered. 
bottle is left inverted in the container for a few minutes before 
air is blown into it, only a small amount of the color will 
diffuse into the water in. the container. When the air is blown 
into the inverted bottle, the children can observe that the colored 
water flows out strongly and mixes with the water in the 
containers. 



o 
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INFERRING 7: INFERRING CONNECTION PATTERNS 
IN ELECTRIC CIRCUITS . 



3 



OBJECTIVES , 

At the end of^ this exercise the child should be able to 



1. CONSTRUCT a complete electric circuit consisting of a 
flashlight cell, a lamp, and two wires* 

2. CONSTRUCT inferred connection patterns for* hidden 
circuits. 

3. DESCRIBE the expected outcomes of future tests based 
upon inferred connection patterns. 

SEQUENCE. 

Demonstrating the use Constructing a testable 

of an operational inference made by the 

definition to construct child about conductors 

a. simple electric circuit. and nonconductors. 

Defining Formulating 
Operationally 1 Hypotheses 2 

Describing the expected 
outcomes of future 
observations based on 
inferences about electric 
circuits formulated and 
tested by the child. 

THIS EXERCISE 

Inferring 7 

Describing Describing a sequence Constructing 

observations which of events constituting situations to test 
can be used to test an inquiry, including inferences made 
an inference. purpose, method, by the child. 

materials,, procedure, 
and results . 

Inferring 5 Communicating 12 Inferring 6 
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RATIONALE 

Using the senses to make direct observations is often 
impossible or unwise. One might learn if electric power is 
Resent by placing his finger in an. outlet, but using a l^P 
a meter is much safer. One might learn if an object is hollow or 
solid by cutting it apart, but it may be preferable to measure 
its density or to roll it down an incline One might J^^^^^^ 
wire ends are connected by physically following along the wires, 
but it may be preferable to use a battery and a lamp to test 
whether the wire is continuous. In this exercise children use 
.-batteries and lamps to make observations on electric circuits. 

Early in the exercise,- the children will learn that a 
lamp (a flashlight bulb) will light if it is part of a closed 
loop of wires connected to a dry cell. Figure 1 shows this 
.arrangement which is called a closed circuit. 




Figure 1 

The children use the principle of the closed circuit to 
determine the pattern of hidden wires in circuit boards. They 
use a dry cell and lamp circuit, as shown m Figure 2.. 
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Figure 2 



By testing several pairs of wire ends the children (1) 
infer the connection patterns of the hidden wires,, and (2) 
predict the outcome of further testing on the basis of the 
inferred patterns. They also discover that an inferred connection 

. pattern may not be the actual wiring pattern and that several 

J inferences may be equally reasonable. 

The children can use the materials required for this 
exercise with complete safety. 



VOCABULARY 

dry cell 
lamp 

connection 
circuit ' 

VOCABULARIO 



pila i^eca 
globito 
conexi6n 
circuito 



closed circuit 
open circuit 
pattern * \ 
insulation 



circuito complete 
circuito incomplete 
modelo 
soquet 
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MATERIALS 

Flashlight dry cells 

Number 6 rubber bands 

Flashlight lamps and sockets 

Insulated wire, 25 cm long 

Data sheet (as in Figure 5) 

Demonstration circuit boards, 2 Cr/".^ 

Board No* 1 with wiring pattern: A-B, C-p (See Figure 
Board No* 2 with wiring pattern: A-D, B-D 

Brass paper fasteners ^ 

Data sheet (as in Figure 9) 

Sets o'f eight differe-nt circuit boards 

Data sheet (as in Figure 12) 

Drawings (as in Figure 14) ^ • i 

.Round circuit board with five connections 
Rectangular circuit board or box with' six connections 
Data Sheet 
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Prongs (Mded 

4^ ^PUfO . 



X^-Iv 

e Vv <<^Wx-:-:':':-x>-:-:-x 




Figure 3 




Figure 4 



) 



ERIC 



137 



TABLA DE DATO 
Construccion de Circuitos Completes 
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. INSTRUCTIONAf PROCEDtJRE 

Introduction . Give each pair of children one flashlight . 
dfy cell in a holder, a flashlight lamp, a lamp- socket, and two 
25- centimeter pieces of insulated wire with the ends stripped. 
Identify and name these items for the children if they cannot 
do it themselves. 

Tell the children to assemble the dry cell, lamp, arid 
Wires so that the lamp lights. Let them proceed by tri^Jtt|nd 
error, without direction, until they make a closed circuT¥\ The 
lamp will light to indicate a closed circuit. , 

Give each child a copy of the data sheet, CONSTRUCTING 
CLOSED CIRCUITS (See" Figure 5} . ' On this, he is instructed to 
draw the wires as they should be connected -to make the lamp 
light. You should check these as you move from group to group, 
but let the children keep the data sheets. 

Sketch the lamp and the flashlight cell on the chalkboard 
-and ask a child to draw in the wires so that the lamp would 
light. Have the chij^ren describe' what is. necessary to make the 
lamp light.' What is required i.s a closed path of wiring that goes 
from the 'top of the cell to the lamp and then back to the bottom of 
the cell. If there is any break "in the circuit, the lamp will 
not glow. Define, or have the children define, "open circuit" 
and "closed circuit", using the cell, lamp, a.nd wires, and by 
referring to the diagram on the chalkboard. An open circuit can 
result from broken wires, poor connections, and a loose or burned- 
out lamp. 

Before you start Activity 1, make sure that all grojips 
have properly operating circuits. The children sljojald be able 
to state that if the lapip glows, the circuit is closed; if the 
lamp does not glow, the circuit is open. 



Activity 1 - Hidden Connections and the Deomonstration Board 

Sketch the circuit shown in Figure 6 on the chalkboard, or 
give a copy of it to each child. Give each pair of children an 
additional piece of wire (they should now have a total of three) , 
and ask the children to connect the wires according to the 
diagram. Ask, Is it a closed circuit ? (No.) £ Es un circuito 
complete ? (No. ) How can we make it a closed circuit ? £ Como 
podemos hacerlo un circuito completo ? 

The childreft should quickly suggest putting the tWo free 
ends of the wires together. This will make a closed ciijcuit, so 
that the lamp will light. Ask, Would we have closed circuit if we 
put a fourth wire between the two^free ends ? ^Tendr emos circuito 
completo si anadimos el quarto alambre entre los dos alambres 
sueltos ? Distribute additional pieces of wire ahd let each pair 
try making the connection. How about a paper clip ? £ Una 
prescilla (paper clip)? A' pencil ? £ Un ISplz ? Let theTeams try 
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a number of objects that they find about the room. They will 
discover that they can use some objects to make a closed circuit 
and not others. However, be sure that they are able to use a 
wire across the free wire ends to make a closed circuit. 

Next,^ hold two wires in one hand with one end of each 
wire exposed as shown in Figure 1\ but with the other ends 
concealed and not in contact. In the other hand, conceal a single 
wire with both ends of the wire exposed as shown in Figure 7. 
Ask, Can these be us(^d to make a closed circuit ? d Se pueden 
utj.liz&r estos para hacer un circuito complet o? Although thQ 
cHildren may enjoy guessing, they cannot answer your question with- 
out trying it. Move about the room, and let two or more teams 
in turn connect free ends of their' circuits to the wires protruding 
from between your fingers. They will find that..their lamps Will 
light when their circuits are connected to the wires in one hand, 
but not connected to those in the other hand. Ask, What inferences 
can you make about the wires in my hands ?, j Cuales inferencias ' 
puedes hacer acerca de los alambres en las manos ? After they hav« 
tried to explain their observations, show then the wires within. 
your fists. 
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This activity has some interesting variations. Use your 
judgment about how long you should continue it. for yqur class. 
You may allow three wires to protrude from between your fingers 
with all of them connected, . none of them connected, or two of them* 
connected. Let different pairs of children test for closed or 
open circuits and the^n explain their observations to the rest 
of the class. At least once, the children should see that two 
connected wires can be used to make a closed circuit. 

Now show the children Demonstration 'Circuit Board No. 1, 
which has four exposed paper- fas.ten^r heads on the front. Do 
not let them see the back of the board. Tell them that there are 
some wire connectors between some of the fastener heads. Ask, 
Can you infer how the wires are connected between the points you 
can see ? d Puedes inferir como est^n los alambres conectados 
entre los puntos ? The children may say that there is no way to 
determine tnis connection pattern without looking at the back of 
the board; however, several of them should suggest that they use 
the lamp and the dry cells to see if they can make a closed 
circuit by connecting any of the points. If you wish, let some 
children try this with various pairs of connection points on the 
demonstration board. 



Ask the children to name possible pairs of points that 

could he tested.' List these pairs on the chalkboard as the 

children name them. Arrange the pa,irs in four columns, which 
may look like those shown in Figure 8. 



< 


A-B 

f 


B-A 


C-A 


D-A 


A-C 


( • 


C-B 


D-B 


A-D 


B-D 


C-D 


D-C 



Figure 8 
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* . - 1 

I 

* , 4 « 

During the listilig; the .children may note th'at/half the' Z^"" 
pairs are dupJLioatexi because A-B .and B-A are "equivalent . 'If - * 
not, ask, Are some puirs^'tbe -same ?' (Yes-O -^ Son Uo' mistftp^ algunos ' 
pares? [sTT) What are they ? rCuales son ?- (A-B and B-A; A^C ^nd 
C-A; A-D and P;A; B-C and C^'B; B-D and D-B; CjD and D-C.) As the'O, 
childreiT identify each equivalent pair, cross out ojie of them.. To 
avoid confusion and tosaye time,' have the' children . agree ory a 
systematic procedure for testing and. recording the observations. 

^ - . . , . - ^ , 

Using the demonstration hoard, have a pupi^ ^est each'-; 
pair of points remaining on the list. As the class^' decides . . \ 
whether the circuit is "closed" or "open" in each case, /record 
the observation by writing .closed or open beside the* label of 

pair. > - .\ , ' ' ' 

Diagram the front of DemonstratLoh ^Circuit Bdard No./»l^ 
on'' the chalkboard. Next, give , .a "child a piece'of white, chalk and 
ask him to 4raw lines between th'e 'connection points that reisulted 
in a closed circuit. Then -give a s^econd chiid sojne" c6,ldre^d frhallc^. 
Ask this child to infer a connection ipatterii, or to' indicate' ^ 
how he thinks the wires are connected and tp'^mark the Qonnec1:ions' . . 
on the chalkboard. Is more than one inferred pattern possible ? 
(No.) ^ Es posible inferir m&s que un iftodelo ? .(No.-)^ Were al l 
the pairs tested ? (Yes .} i Probaron todos los pares ? (S^O 4-et 
the children look inside the demonstration board to', see that one 
wire connects Points A and B and another connects Points C and, D.' 

» ** . > . 

Activity, 2 ■ Inferring Connection Patterns . . * V> 

» ' «^ 

In Activity 1, the inferred connection pattern of the/wir^s 
,was the same as the actual connection pattern. The purpose .o|, tMS 
next activity is to have the children make observations £,rom^ wlji'ch'l .jt 
they can infer many different connection patterns. They will thefk/ 
inspect the-, wiring pattern to see that only pne of their infere,npis 
is the actual pattern. i.''>. 

Distribute to each child a copy of the data sheet, 
Inferred Connections. (See Figure 9.) Show the children Demons- 
tration Circuit Board No. 2, and ask them to identify all the " ^ 
possible pairs that can be tested to determine which wire \ 
connections behind the board will make a closed circuit. As 'they 
identify pairs, they should write in the appropriate letters at 
the top of each column, as shown in Figure 10. Using a test 
circuit like. the one shown in Figure 6, you, or a child, should 
test all the pairs. At the same time, the class should record, 
on their data sheets which pairs make open or closed circuits by 
placing an "X" in the op9n or closed box under the tested pair, 
as shown in Fugure 10. 
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' TABLA DE DATO 
Conexiones Inferidas 
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Ejercicio A 



TAB LA DE DATO 



Conexiones Inferidas 



OBSERVACIOMES 



Pares 


AdB 


A-C 


A-D 


B-C 


B-D_ 


._-.CiP 


Completo 


X , 




.,. X 




X._ 


Incompleto 




X- 




X 




X 
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Tell the children to draw lines between pairs of points 
in the boxes labeled Inferred Connections to show all the 
possible ways that wires could be connected between the points 
to result in the observations that they have recorded. As you 
repeat the instructions, stress that they are inferring wire 
connection patterns that will explain their observations. You 
may need to look for examples within the class to demonstrate 
that the wires might be connected in different ways and yet. 
produce the same observations. The actual pattern cannot be 
determined unless the board is disassembled and the path of the 
wires checked. Since four inferred patterns are equally reasonable 
the children's completed data sheets should resemble Figure 10. 

Remind the class that they can sometimes test inferences 
by further observation or additional information. In this case, 
the children can unfold the demonstration board and inspect the 
wiring pattern to select the correct inference from the four 
inferences they have made. You should also point out that not 
all inferences can be checked by observation, and that sometimes 
they (and scientists) must be content with several equally 
reasonable inferences. 



Activity 3 - Inferring Connection Patterns Among Six Points 

Give each pair of children the circuit test equipment 
shown in Figure 6, two of the eight circuit boards whose wiring 
patterns are shown below (see Figure 11), and two copies of the 
data .sheet, Infefing Connection Patterns Among Six Points. . 
(See Figure 12.) . 



CD 


A-B 


(2) 


A-D. (3) A-B 


(4) 


A-B ' (5) A-B-C 




C-D. 




B-E D-F 




C-D - D-E-F 




E-F 




C-F C-E 






(6) 


A-B-D 


(7) 


A-B-C-D-E-F 


03) 


1^0 connectj-ons 




C-F 




(all connected 




< 








to one another) 







Figure 11 
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TABLA DE DATO 

Inferiendo Modelos de 
Conexiones Entre Sels Puntos 
Tar j eta Numero* 
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ABC 

o o o 

o o o 
D E F 



Bd 1 



Bd 2 



Bd 3 



Bd4 



Bd 8 




Bd 6 



A B C 

Q-o-O 

D E F 



A BC 



D E F 



A B-C 



D E F 



ABC 




A B C 




ABC 






? ^ 




^9 


6 cy-b 










D E F 




D E F 




D E F 








ABC 




A B C 




ABC 






9 o-p 




.9-09 






6-0 6 






D E F 




D E F 




D E F , 








A B C 




ABC 




ABC 


t±P 




?^ 






o-o-o 




o-o-o 




0-0-0 


D E F 




D E F. 




D E F 



A B C 

0-0-0 

6-0-6 
D E F 



ABC 

0-0-0 

6 0-6 
D E F 



ABC 

0-0-0 

D E F 



ABC 

0-0-0 



0-0-0 
D E F 



Fiqure 13 



148 



Bd 5 



-135- 



Tell the children to use the dry cell and the lamp circuit 
to determine which pairs of points can be touched to make a closed 
circuit. They should identify the number of the board, and record 
it along with their observation on their data sheets as in' 
Activity 2. 

After the children have completed the testing procedure, 
ask them to infer connection patterns and to sketch possible ways 
of connecting the wires between the labeled points. Tell them 
to sketch several connection patterns for any board which could 
possibly have more than one. Only one inferred connection pattern 
is possible for Circuit Boards No. 1, 2, 3, 4, and 8. Sixteen 
inferred patterns are possible for No. 5; four are possible for 
No. 6. A great many possibilities exist for No. 7. 

Figure 13 shows the connection patterns the children 
should infer, except that one of the many possibilities is 
shown for Board No. 7 



Activity 4 - Expected Outcomes Using Inferred Connection Patterns 

Using a drawing on the chalkboard to recall for the class 
Demonstration Circuit Board No. 2 from Activity 2. With this 
bo^T(i,the lamp Lit up when the wires of the test circuit were 
coni)ec?ed to pairs A-B and and A-D. Ask, Would it have been 
possible to tell before testing further if touching any other 
pairs would result in a closed circuit ? (Yes, B-d7) J Hubiera 
sido posible ^redecir antes de habef^robado mas, si tocando 
otros pares resultaria en un circuito completo ? (Si, B^D.J 
This is an expected outcome based on an inference. We observe 
that pair A-B or A-D can be used to make a closed circuit; we 
infer that since A is connected to both B and D, then B and D 
are also connected. We can expect the lamp to light when the 
circuit is connected to Points B and D. 

Have the children reconsider their data sheets for the 
eight circuit boards from Activity 3. Ask> Could you have , 
predicted which pairs would li-S^^ "^^e Aamp before you had tested 
all the pairs ? <L Hubieras podido predecir cuales pares encendieran 
el globito antes de probar todos los pares ? Give them time to ~ 
re-examine their observations, and then ask thqse pairs that 
studied each pf the eight board to give their predictions, 
if any^. They should conclude No for Boards 1, 2,^^ 3, 4, and 8; 
and Yes for Boards 5, 6, and 7. 

Give each child a copy of Figure 14, which lists observa^ 
tions that have been made on four separate imaginary circuit 
boards (I, li. III and IV) similar to those used in Activity 3. 
Each board has six connection points, labeled A, B, C, D, E, and F. 
The lamp of the test circuit lit up when the wires were connected 
to the pairs of points listed in the second, column. Ask the 
children to examine the observations, and then to make the necessary 
inferences to predict which additional pairs could be connected to 
make closed circuits. Have each child record his predictions 
in the third column of the table, working individually, or with 
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a classmate. 






Board 


Connection Pairs 
Resulting in a 
Closed Circuit 


Pairs That You Predict 
• Can Be Used to Make 
a Complete Circuit 


I 


'•A-C, A-F 
A-B, A-D, A-E 


• * 


III 


A%% A-E, C-E 


- 


IV • 


A-B, B-F, C-D, D-F 




Figure 14 


\ 





They should suggest these pairs: I (C-F); II (B-D, B-E, D-E); 
III (A-C, D-E, C-D); and IV (A-C, A-D, A-F, B-C, B-D,C-F). 



* 
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1 <* 

0 


■ 4) • ^ 

' t 

FIGURA 14 


V 

^ 1 


Tarj eta 


Conexidh de pares 
resultando en circuito 
completo 


P^dice los pares 

que se hacen circuitos 

complete 


I 

II 


A-C, A-F 

A-B. A-D. A-E ■ 




111 

' .,iv 


A-D, "k-E, C-E 
'A-B, B-F,. C-D, D-F 






\ 

B 




T ;' 


♦ J 
1 

♦ • » 




• 

* - 
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INFERRING HIERARCHY 
(AAAS, .1968) 



1.52 



ERIC 



-139- 



Coi2 

LCVtt 19 

au A 



Oesaibinflheeipectedout* 
come of future observattons 
based on inferences formu- 
Uted and tested by tbe 
chitd. 

. 1.7 


0 


Coftstnicfinc Inferences about 
the ceometrk shapes of solids 
from the transverse, slant, ind 
tonfitudinal sections of various 
common three dimensiooil ob< 
Kcts. and about the three kinds, 
of sections of a sodl 

18 




ii ^ 






B 


1 


Oescribinc observations 
which can be used to test 
an inference. 

1-5 


Constructmc Situations to 
test inferences made by the 

chiil 

1^ 



OemoRstratlnc that infer* 
ences may need to be il 
tered on the basis of addi- 
tional observations. 



M 



-V — 



Constructinc one or more 
inferences from an obser* 
vation or a set of observa* 
lions presented w one of- 
more cartoons. 

1-3 



Oistinfuishinc between In* 
ferences th»t account for 
all of the stated observa- 
tions and inferences that do 
not. 

1-2 



tdentifyinc observations that 
Support an inference. - 



t-2 



\m of 



Identiliiyt^nd constructinf 
picturn of transverse, slant, 
and lonfitudinal sections ol 
various common three- 
dimensional objects. 

I-I 



S/T-15 
LIVCI It 
ecu A 



S/T15 
levei IS 
ecu A 



Oistinfuishinc between 
statements of observation 
and statements that are 
plausible explanations. 



Identtfyint statements that 
are inferences. 
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APPENDIX E 



Individual competency ME7Vsu"RE~R0Tr~ 

SCIENCE--A PROCESS APPROACH ■ 
PART D, INFERRING 5 
THE DISPLACEMENT OF WATER BY AI« (e) (AAAS, 1968) 
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COMPETENCY MEASURE 

TASK 1 (OBJECTIVE 2): As the ^hild watches* yo^h invert the wide- 
mouth bottle, filled with water, in a' transparent container 
containing water^^ using a piece of cardboard to cover the'mouth 
of the bottle until it is inverted, .as described in 'the Introduction 
Say, Watch what happens when I putt, these two seltzer tablets 
under the mouth of the jar., Nota la que pasa cuando pongo Tsta 
pastilla (0 plldoraj debajo- de la bptella . Add the tablets. 
When the bubbling stops aslc, What inference can you make to explain 
why the level of the water in the bottle has gone ddwn ? i Qug^ / ' 
inferencia puedes hacer para explicar poT -que^ b.aj(f el~nivel del 



agua en la botella ? Put one ciieck in th^e acceptable column if the 
child says that the air or the gas from the buT)bles' went into the 
jar and made some of the water go out, or if he offers any other 
statement that could be cpnsidered an explanation. " -\ '[ 

TASKS 2-4 (OBJECTIVE 1): Say', I am going' to read to you some ^ 
statements I might make about what We' have seen here . As I read 
each sta<tement, tell me whether it is an observation or gn 

Voy^ levies Unas d^3raraciohes-<t^^ pued c - hacer 

acerca 3^ lo que hemos visto aoui . Al leer la declaracidn dime ^ 
o dlgame) si es una observacion a interencia . 

ask 2) : The tablets made the water wafm i La pastille (pildora) 
calento el agua . PCit one check in the acc eptab^le column for ^ 
Task 2 if the child says it is'an inference. 

Task 3): Bubbles rose from the tablets when J put theni in the ^ ^ 
water , and, most of them went into the jar .^ La espuma de laT 

f astilla (0 pildotaj subi6 cuando la pus e en el agua y casi tbda * 
a esptma entrp en la botella . Put one check, in the acceptable., 
column for Task 3 if he says it is' an qb-servatipn. v . ' 
Task 4): The bubbles stopped when the tablets couldnVt be seen - 
any more . La espuma terminO cuando no se podia ver la pastillra . * 
Put one check in the acceptable column for Task 4 if he says it 
is an observation. ' ' . , ' • 

TASK 5 (OBJECTIVE 3): Say, T^ll me how you would test the inference 
that the tablets made the water warm . You may not taste the liquid ; 
Dime como puedes probar la inferencia que la pastilla Co pildor^) ' 
calento el agua . No puedes saborear el liquido . Put one check in ^ 
the .acceptable column if he suggests feeling the water 'before and. 
after the tablets have been add^4, or if he suggests putting a 
thermometer in the water before "the tablets are ^added and / 
watching the thermometer while the bubbling .occurs to see if the 
temperature goes up. ^ ' . " 
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' INDIVIDUAL COMPETENCY MEASURE- FROM 
• , SC.rENCE--.A PROCESS. APPROACH 

• . PART E ■ 

INFERRING, CONNECTION PATTERNS IN ELECTRIC CIRCUITS 
■. • ■ (a) (AAAS, 1968) • 
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INDIVIDUAL COMPETENCY MEASURE 

(Individual score sheets for each pup^ are in the Teacher*^ 
Drawer.) 

TASK 1 (OBJECTIVE 1): Give the child a dry celt, a tamp, 
a lamp socket, and two wires with bare ends (also a screw- 
driver, it necessary). Say. Use the wire to<onnect the dry 
cell and Ittnp so that the lamp lights.' 

Acceptable Behavior 

For Task 1, the child constructs a closed circuit, and the 
lamp lights, 

TASKS 2-3 (OBJECTIVE 2) Along with the items used in 
.Task 1 give the child another Mire, bared at both ends, 
and a c:rcuit board v/itn hidden wire connections that ter> 
minate <n five exposed wires or joints labeled J, K, L, M, 
and N. The hidden wires copnect points M. L, and N and 
also J and K. Give the tinild the data sheet. Inferring 
Connection Patterns in Electric Circuits.^ 
Say, Use the dry celt, tamp, and wires to see which p^rs 
of points can be used to rnake a closed circuit, Record 
your observations by placing an '*X*' in the correct box 
for each pair you tasi 



Acceptable Behavior 

For Task 2, the child correctly assembles the circuitjor 
Task 3. the child marks pairs N-M, N-L, M-L. and J-K 
•'closed" and all others "open." 

tf the child has answered correctly, proceed to Task 4, 
If not. help him as he repeats the observations and corrects 
his data sheet. Then proceed Task 4. 

TASKS 4-7 (OBJECTIVE 2): Say. Infer as many connection 
patterns as you can for the wires inside the circttif board. 
Draw here (point to the figures in the ^cond illustration 
on the data sheet) all the ways you think the wires might 
be connected. 

Acceptable behavior 

For Tasks 4-7, the child constructs each of the following 
circuit patterns in any order: * 



TASKS 8-13 (OBJECTIVE 3). Give the child a circuit board, 
or box, with six exposed terminals labeled K, L, M, N, O, P. 
Points K, L, b, P should all be connected. M and N should 
be connected. Tell the child. Use the dry cell and lamp to 
see if Points K-L can be used to make a closed circuit 
Record your observation here. (Pomt to Task 8 on the data 
sheet and let the child carry out your instructions.) Now 
see if Points K-P can be used to make a closed circuit 
Record your observation. Allow the child to proceed. Now 
see if Points K-0 can t>e used to make a closed circuit 
Record your observation. Let the child proceed. 

Acceptable Behavior 

For Tasks 8-10. the child marks the "closed" coiumn for 
the first three pairs. 

Ask, Can you riow predict if connecting the test wires 
to Points P-L will result in a closed circuit? 

Acceptable Behavior , 
For Task 11, the child says "Yes." 
If he responds "Yes," ask. What is your prediction? 

-Acceptable^ Behavior 

For Task 12, the Child says connecting the test wires to 
P*l wtil result in a closed circuit or that the lamp will light 
•Let him test his prediction if he wishes. 

Ask, Can you now predict if the lamp will light when 
the celt and lamp are connected to Points 0 and N? 

Acceptable Behavior 

For Tapi 13, the child says "No." 

Let him make tests and predictions, and inspect the 
insidt3 of the box or'Circuit board, if that is possible. 
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COMPETENCY MEASURE 

TASK 1 (OBJECTIVE 1): Give the child a dry cell, a lamp, a lamp 
socket, and two wires with bare ends (also a screwdriver, if 
necessary). Say, Use the wire to connect the dry cell and lam^ 
so that the lamp lights , Prende el globito (foco) con los 
alambres, pila seca7 y soqu'et , 

ACCEPTABLE BEHAVIOR 

For Task 1, the child constructs a closed circuit, and the lamp 
lights . ' . 

TASKS 2-3 (OBJECTIVE 2): Along with the items used in Task 1, 
give the child another wire, bared at both ends, and a circuit 
board with hidden wire connections that terminate in five exposed 
wires or points labled J, K, L, M, and N. The hidden wires 
connect points M, L, and N and also J and K, Give the child the 
d^a sheet. Inferring Connection Patterns in Electric Circuits • 
Say, Use the dry cell, lamp and wires to see which pairs of 
points can be used to make a closed circuit. Record ywr-"^^l>s^r^ — - 
vations by placing an "X" iir~t"He~~correot> bo^TTor each pair you 
test , Usa la pila seca, soquet, y alambres para ver cuales 
puntos resultan en circuito completo~ Apunte (note) sus 
observacipnes con una "X" en el cuadro de cada par que pruebas > 

ACCEPTABLE BEHAVIOR ' 

For Task 2, the child correctly assembles the circuit; for Task 3, 
the child marks pairs N-M, N-L, and J-K "closed" and all others 
"open." 

If the child has answered correctly, proceed to Task 4. If not, 
help him as he repeats the observations and corrects his data 
stieet. Then proceed to Task 4. 

TASKS 4-7 (OBJECTIVE 2): Say, Infer as many connection patterns 
as you can for the wires inside the circuit board . Draw here 
(point to the figures in the second illustration on the data sheet) 
all the ways you think the wires might be connected . Inf igre 
tantos modelos de conexiones como puedas con los alambres dentro 
de la tarjeta . Debuja todos los modos en que los alambres est^n 
conectados . 



ACCEPTABLE BEHAVIOR 

For Tasks 4-7, the child constructs each of the following circuit 
patterns in any order: 
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TABLA DE DATO 

Inferiendo Model9s de 
Conexiones en Circuitos Electricos 
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TASKS 8-13 (OBJECTIVE 3): Give the child a circuit board, or box, 
with six exposed terminals labeled K, L, M, N, 0, P. Points 
K, L, 0, P should all be connected. M and N should be 
connected. Tell the -child. Use the dry cell and lamp to see if - 
Points K-L can be used to malce a closed circuit . Record your 
observations here . (Point to Task 8 on the data sheet and let 
the child carry out your instructions.) Usa' la pila seca y el , 
-saqiret para probar si puntos K-L se pueden hacer circuito completo . 
Note su observaci6n aqui . Now see if points K-P can b^e used^to 
make a closed circuit . Record your observatioiv ! Ahora note si 
puntos K-P se hacen circuito complet"o^ Apunte su obseryaci6n.~ 
Allow the child to proceed. Now see if points^ K-0 can be used-.to 
make a closed circuit . Record your observation . Ahora note si 
puntos K-Q se hacen circuito completo^ Apunte su observaci6n.~ 
Let the child proceed. 



ACCEPTABLE BEHAVIOR- 

For Tasks 8-10, the child marks the ''closed"* column for the 
first three pairs. 

Ask, Can you now predict if connecting the test wires to 
Points P"L will result in a closed circuit ? ^ Puedes predecir 
\ si conectando puntos P-L resultara en circuito completo" ? 

ACCEPTABLE BEHAVIOR 

For Task 11, the child says "Yes.** 

If he responds **Yes,** ask. What is your prediction ? i Qu^ es su 
prediccion ? ... 
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ACCEPTABLE BEHAVIOR 

For Task 12, the child says connecting the test wires to P-L 
will result in a closed circuit or that the lamp will light. 
Let him test his prediction if he wishes. 

Ask, Can you now predict if the lamp will light when the cell 
and lamp are connected to Points 0 and N ? i Puedes predeci? 
si se prende el globito (foco) cuando se conectan los puntos 
0 y N? , 



ACCEPTABLE BEHAVIOR 

For Task 13, the child says "No," 

Let him make testa and predictions, and inspect the inside of 
the box or circuit board, if that is- possible. 
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- "tfrN^UA GE-P R E-ff R ENCE — 
AND ATTITUDE INVENTORY 
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"Las siguientes preguntas o decldraciones son acerca de 
las actividades en ciencia — actividades en las cuales id has 
participado. Con un clrculo indica la respuesta mSs cerca a tu 

pe psamienl:o, Es importante que i ndlques. con un. clrculo„ciicil 

respiaesta. estS^*mSs en acuerdo con tus pensamientos y no con los 
pensamientos de otra persona. 

Ntimero 15 es para tus . comentarios. Escribe tus 
coinentarios acerca del idioma hablado en las actividades de 
ciencia. • . 



150- 



Creo que las actividades en ciencia que conduciitios en clase 
las dos semanas pasadas fueron: 

A. muy diflciles para comprender 

a veces fSciles para comprender y a veces diflciles para 
comprender 

C. Claras fSciles para comprender *^ 

Pienso que puedo aprender ciencia mejor cuando se ensena en: 

A. espanol 

B. ingles ' . . 

C. ingles y espanol 

El modo que se presentaron las actividades cientlficas en 
nuestra clase^las filtimas semanas fue: 

A. de poco o ningfin valor para ml 

B. de algfin valor para ml ' 

C. de much© valor para ml 

Yo prefiero que la maestra o maestro hable en: 

«» 

A. espanol 

B. inglgs 

C. .ingliSs y espanol ; 
Me gusta hablar: 

A. espanol en la clase"' 

B. inglSs eni-Ia^ clase _ 

C. ingles y^espanoi. en la clase 

Pienso que deblamos utilizar mSs: ^ 

A. materiales espanoles en clase , 

B. materiales ingleses en clase ' \ ^ 

c. materiales de las dos lenguas, ingles y espanol 
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7. Creo que se debe ofrecer iriSs materias (como aritmStica y 
clencias natujrales') en: * . 

A. espanol 
•B. inglSs 

G. ir^gl^s y esppinol 

•■^ 

8. El idioma que us6 la.maestra o maestro para expl,icar ia.s * 
lecciones pientlficas: , • 

fue d^flcil para comprender , . ^ . 

B. a veces la compirendl y a veces no la comprendl 

C. casi siempre la comprendl , v 

9. Creo que la escuela es mSs^ interesante cuandor * ' <^ ^ 

A. la maestra o maestro ensefra en espanol 

B. la maestra o ^laestro ensena en ingl^ 

C. la maestra o maestro ensena. en angles y espanol 
10* Cuando yo explico algo, lo hago mej6r hablando: 

A. espanol ^ * J . 

B* inglSs - ^ ' ^ . , * 

C* inglSs y espanol 

11. Pienso que las actividades* cientff icas fueron mSs interesantes 
cuando los estudiantes hablaban en:. ;*. , 

A. espanol ' ' • ' • , - , 

B. ingigs . / * / 

C. i'nglSs y espanol 

12. Prefiero que nuestra lecci6n sea conducida en: 

A. espanol ^ 

B. , ingi^s • . ^« x 

. C. ingles y espanol . . , ' ' 
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13. Si tuvier^ oportunidad prefer fa ir a una escuela donde: 

r- 

A. se usa solamente espanol en las clases 

B. se usa splainente ingles en las clas.es 

C. se usa inglgs y espanbl en las clases 

4. .Pongo atenci6n m'ejor cuando la instrucci6n' en la clase es en: 

A, espanol 
B* ingles 

C. inglSs y espanol 

5. ' Tocante al idioma que los ma^stros usan cuarido nos ensenan las 

leccioijes yo guisiera que ' ^ 
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The following questions/statements are related to the' 
activities you have participated in the last 'few weeks. Circle 
the answer that is closest to the way you feel, tt is important 
that you circle the one you feel is mogt like your feelings and 
not those of someone else.. ■ ' ■ ~ 

Number fifteen is for your own comments. Write about your 
feelings concerning the language used in the science activities. 
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I feel the science activities we did in class the last two 
weeks were: 

A. very difficult for me to understand 

B. sometimes easy for me to understand and sometimes not 
easy to understand . • ' - 

C. clear and easy for me to understand 

.1 think that I can learn science better when it is taught in: 

A* Spanish 

B* English 

. C* Both Spanish and English 

The way science activities were presented in our class the 
last two week's was: 

A* of little or n6 Value for me 

B* of some value to me 

C. of great value to me 

I feel better when tfie teacher talks' in: 

,A. Spanish * 

B. English 

C. both Spanish and English 

,1 like to speak: • 

A. .Spanish in class 

B. English in class * . . ' 

> 

C. both Spanish and English in clasps 
I .think we should use more; 

A, Sp^inish materials in class 
B* English materials in class 

C. materials using both the English and Spanish language 

1G8 
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7. I think the school should offer more ^ subjects in: 

A* Spanish ^ ' , ^ 

' English ... . - . ' 

C. both Spanish and English ' . V 

8. The language that:, the teacher used in explaining our science 
activities was: , , , 

A. not very junderstandable * ^ ' • 

B. sometimes understandable ^ , " , 

C. almost alw.ays clear and understandable 

9. I believe school is more interesting when: 

A. the teacher teaches in Spanish * ^ * * 

B. the teacher teaches in English 

• C. the teac^h^ teaches, in English, and Spanish 

10. When I explain Something I can 'do. it better using: 
A* Spanish / - ^ 

B* English 

C. Spanish sometimes and,^glish sometimes 

11. I think the science activities were more interesting when the 
students talked in: 

A. Spanish 

B. English * - , 

C. both Spanish and English 

12. I feel better when our lessons are in: 
A. Spanish . • * 

" B. English ^ ^ 

C. both Spanish and English 
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. - - ' . ■■ I - ■■ ■ 

. 13. IfM- had roy choice I ' would go to a .school where; 

A. only "Spailish^is^ .used in the classroom 

' - . B* only ilnglish is used in the classrocSni 

f .* **• . * * ♦ # ■ * • 

' * * *^ ^ " , * - ' 

both Spartish and English are used iii the classroom 

- . ^ . :^ ^ . 

14. I am able to pay attention better to the classwork when the 

instruction is in: , • - 
» > * 

, Spanish ^ ' / 

^B* ' English • " ^ 
/ ^ ' " ^ ' A . . . ■ 

C. both 'SpanijSh. and English. 

IB* With regard to the language used by the teachers in the 
'teaichihg' of lessons in our school I wish 
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RAW SCORES ON FIRST AND SECOND 
COMPETENCY MEASURES 



171 , 



-158- 

RAW SCORES 

ON FIRST COMPETENCY MEASURE 

Treatment Treatment Treatment Trefatment 

Group I Group II Group III Group IV 

5 3 4 4 

5 4 3 5 

e u 1 A 5 5 5 - 5 

School A 5 . 5 5 4 

5 2 5 4 

4 4 3 • . 

5 5 3 5 
5 5 4 5 
4 ' 5 ^ - 3 4 

School B 4 5 5 5 

4 4 5 4 

4 5 4 5 

5 5 

4 5 4 4 

5 4 5 > 4. • 

<- u , ^ 5 5 5 4 

School C 4 g 4.4 

5 1 5-5 

5 5 5 5 • 





5 


5 


4 


5 




5 


5 


4 


3 




5 


5 • 


4 


4 




4 


4 


4 


4 


School D 


3 


5 


5 


5 




5 


5 


5 


4 




5 


5 


5 


4 






4 


4 


- 4 
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RAW SCORES 





ON 


SECOND COMPETENCY 


MEASURE 


- • 




Treatment 


Treatment 


- 

Treatment 


Treatment 




Group I 


Gro u D II 


Grbiin TIT 


GrouD ' IV 




12 


12 


12 


1 1 




11 


1 0 


1 0 


1 0 


School A 


10 


9 


'. 9 


9 • 




10 


7 


8 


7- 




9 






7 


Sum FT 




3F . 


• 


X 

2 


' '10.167 


" 9.500 


9.750 


8.80Q 


s 


1 .37 


4.33- 


2.9 


3.2 


S 


1 .169 


2.082 


1 .708 


1 .789 



School B 





13 


13 


13 


13 




13 


13 


13 


13 




13 


13 


13 


13 




.^13 


13 


13 


13 




13 


13 


12 


' 13 




13 


12 




13 


Sum 


7^ 


77 




rs 


X 


• 13.000 


12.833 


12.800 


1 3^. 000 


2 

S 


0.000 


0.17 


0.20 


0.000 


S 


0.000 


0.408 


0.44-7 


0.000 



School C 





13 


13 


13 


13 




13 


12 


.13 ' 


12 




13 


12 


12 


12 




12 


12 


1.1 


12 




12 


12 


11 


12 




11 




6 


12 


Sum 


7T 


FT 


U 


73 


X 


12.333 


12.200 


• 11 .000 


-12.167 


2 

S 


0.67 


0.20 


6.8 


0.17 


S 


-0.817 


0.447 


2.6d8 


0.408 
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School D 



Treatment 
Group I 



Treatment 
Group, II 



Treatment 
Gro.up III 



Treatment 
Group IV 





13 * 


13 


13 


13 




1 3 


13 


13 


13 




12 


1 3 


1 0 


1 Q 
1 0 




1 0 

1 d 


1 0 
1 o 


1 d ' 


1 £ 




12 '( 


12 


12 


12 




11 


12 


12 


12 






12 


12 


12 






12 


12 


- 57 


Sum 


73 


1UT7 




J 


12.167 


12.500 


12.375 


12.429 


2 

S 


0.57 


0.29 


0.26 


0.29 


S 


0.753 


0.535 


0.518 


0.535 
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QUESTION ANALYSIS ON LANGUAGE F^REFERENCE 
ANDATTITUDE INVENTORY 



Question 1 . i'-fie} the ?Vi&i^C€ acti viti es- -we ..d.i.d. 4n;y^^^^^ 
the -last two week?. ;W;er6.:' • 

A-. Very -d'ifficu.Ti for me to understand . ; ";..,..> • •■•-^v-".- 

B. sometimes e.asy .for me to understand and s-qn]eit-i<'ie;s..^ipt 
easy to ifri'der -stand 1 . '■ / 

C. clear an'd easy for meVto understand- .7 ■ ;-' ^ '• 

Prequnta X . Cr.eb'..que las. actlvfdades enKc:4enGa que ^ • ' 
conducimos en clfse la& .dos semanas •pa'sada:VfuerQti-: 

A. Muy difrci'l para comp.renxler..'- ' • • 

B. .A veces^faciles para.. cOmp render y a- veces dificiies 
' ■ para -c.o'mprender. -■ ^ 

C. Clara's y facljes para comprender / ... ■ 

As indicated iti Tabl& 7, of 1 01' .respondents ' 7' percent selected 
A^ 57 'percent selected'B and 3.&- percent/ sel ected C. In the test 
of. -signiticance, there was a- difference between A and. 6, A and C, 
B.-.and. C. At the .(55 1 evel B. w.a^s ■preferred over A and C. 

- . -^ Question Z .-}. -I. :t:hri-hk that I can' 1 earn -science better when 
:-1t is .taus^li|''-i-n: ' ' 

. A. Spani.s,h..-. .. -' 

. B. . English. ■ , ; 

,C. Both SpartislV .and -Eilgl ish . ' 

Pregmvt:a"2 i • Pienso quV ^iiedo aprender ciencia mejor 
cuando se-f Jis-eRa en: ■ •' 

A.. -^ espanol ^ 
-; B-,/ ingles 
•• C'. ingles y espanol 

As indicated in Table 7, of 101 Respondents 7 percent selected A, 
31, pL.ercent selected B and 62 percent selected C. In the test of 
•significance, there was a difference between A and B, A and C, 
/'and C. At the .05 level C was preferred over A and B. ^ 
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Question. 3 . The way science activities were presented in 
our class the last two weeks was: ' , . • , 

A. of little or no value for me . _ 

B. of some value to me . 

C. of great value to me . 
Prequnta 3. . El modo que se preSentaron las actividad.es 

cientfficas en nuestra clase las ultimas semanas fue: 

A. de poco 0 nigun valor para mi' 

B. de algun valor para mf ' , 

C. de mucho valor para mf 

As indicated in Table 7, of 101 respondents 3 percent selected A, 
20 percent selected B and 77 percent selected C. In the test of 
significance, there was a difference between A and B, A and C, B 
and C, At the .05 level C was preferred aver A and B. . 

' Question 4 . I feel better, when the teacher talks in: 

A. Spanish 

B. English ' 

C. both Spanish and English 

Prequnta 4 . Yo prefiero que la^jparestra o maestro hable en 

A. espanol " • . \ . •■ 

B. ingles i 

C. ingles y espafiol 

As .indicated in Table 7, of 101 respondents ' 7 percent selected A, 
24 percent selected B and 69 percent selected C. In the test of 
significance, there was a difference between A and B, A and C, 
B and C. At the .05 level C was preferred over A and B. 
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Question 5 , I like to speak: ; ' , 

. A, Spanish in clas^ 
B.Englishinclass ^ ^ ^ ' 

both Spanish and English in class 

Pregunta 5 . Me gusta hablar: 

A* espanol en la clase 

B. ingles en la clase 

C, ingle's y espanol en la clase 

As indicated in Table 7t of 101 respondents 7 percent selected A, 

30 percent selected B and 63 percent selected C. ' In the/ test of 

significance, there was a difference between A and B, A and C, 

B and C. At the .05 level C was preferred over A and 

* , # 

Question 6 ; T think we should use more; 

A. ' '$panish materi^aT "in class ^ ^ " - , . 

B. English material -'i a *cl^a.ss ' • 

C. materials using- both the English'and Spanish language 
Pregunta 6 . Pienso' que d'ebiam'os titil izar mas: 

A. materiales espafioVes en clase 

B. materiales ingles'es en clase, . ^ ^ 

C- materiales las dos 1 enguaS , i ngl es y espallol 

As indicated in Table 7, of 101 r^ispondents '8 percent selected A, 

'i ' ■ 

14percent selected B and 78 percent selected C. In the test of 
significance, there was a difference between A ajid B, A "and C, 
B and C. At the\05 level C was preferred over A a*nd B. ■ 

■ * Question 7 . I think the school should offer more s.ubjects, 



»i n: 



A. Spanish ' , » 

B. English 

C. both Spanish and English 
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Pregunta 1 . Creo que se debe ofrece.r m^s, materia (cbmo 
aritmetica y ciencias naturales) en:* 

A* espaRpl . , 

.r ingle^s ^ ^ * . \ 

C, ingle's y espanol- v . ' i 

As indicated in Table 7> of 101 respondents ^^^^^'^^'^^^ selected A, 
18 percent selected B ai\d 71 percent selected C In the- test of 
significance, there was a difference -between A ^ind B, A.and Ci 
B.and C, At the ..05 level C was preferred oyer A ajfvd .B, ^^ 



Question The languag-e that the teacher> used 1h 

explaining our science activities was: " ' > 

/A, not very understandable " ^ , \ 

B "sometimes understandable \ ' \, . I 

C'% almost always clear and understandab'l e * , 

• * " './'^^ 

Pregunta 8 . El idipma que uso la m^stra o ma.gstro para 
,exp'?icar las lecciones cientificas: * . » . ' . 

A. fue diffcil para " comprender ; * ^. 

B, aveces la comprendf y a. veces no la compi:*endT 
' C. casi stempre la comprendf . /- • ' ; 

As indicated in Table 7, of 101 resfJondents 5 percent sel ected ^A, V./ 

33 percent selected B and 62 percent selected C. . the test of\V 

significance, there was a difference between A and* B, A^and C, 

B and C- At the ,.05 level C was preferred over A and.B, ; ' 

QuestioiT 9 . I believe school is more interesting when: 

* , * . » , * 

^ A. the teacher teaches in Spanish 

B, the teacher teaches in English ^ 

B, ^ the teacher teaches in English ^nd Spanish 

Pregunta 9 . Creo' que la escuela es m^s interesante cuando: 

A, 1 a* miaestra. 0 maestro ensena^en espaKol 
la maestra o maestro ens^fta en ingtes^ 

C, la jnaestra or maestro ensefia en ingle's y espanol 

. ■■ \ - ■ ^ ■ ■ ■ ■ ■ 
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As indicated in Table 7, of 101 respohden^ts^^ 'pej^cent selected A, 
8 percent selected B and 80 percent selected CT In the test jof 
signff icsince, there wa's a difference between'A and B, A and C, 
B and C: At the ,05 level C was preferred over A and. a, * 



. Question 10 , When I 'explain something I can do it better 



usi ng : 



. . A, S'pa'n.i sh . , " " . • 

B, English ' 
C/ Spani s.ff ''sometimes and Engl i sh ''sometimes 

. ' i^ Pregunta 10 . Cuando yo explico algo, lo hago mejor 
« 

habl ando : , . 

A', ' espariol - ' , ' ' - 

B. ingle^s ^ ' ' 

; V C, ingle's y espafioT \ , 

^As indvt^^ed in Table 7, of 101 respondents 18 percent sel ectecl' 

A, 44 percent 'selected B and 39 percent selected C, ^ In the test 

of significance, . ther^ was a difference between A and 5, A and 

B and C: ,At the. * 05 1 evel , B- was preferred • over C • ' " ' * ^ 

. ' ' , ' Questio-n 1,1 I think tiie science activities were more * 
interesting when the students: talked in: ' * - 

.A," Spanish ^ — 

B, Engl ish " 
both-Spanish and English * 

Pregunta 1 1 , .Pienso que las activtdades cfentificas 

fueron mas interesantes cuando. los estudil^nte^s hablaban en: 

A. espanol ' . 

• B, fng.l^s ' ^ ' ' ^ 

C, ingl'e^s y espafiol 
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As indicated in Table 7, of 101 respondents 14 per'cent selected A, 
26 percent selected B and -60 percent ael ec teci -C In the test of 
significance, there^was a difference between A and B.i A jand C, 
B an<l C. At the .05 level G was preferred over A and B, 

4; ' ; - ■ ^ . ' 

Question 12 . I, feel better when -our lessoi)s*are in: 

A. Spanish - - ' 

*B.^ Engl is h • 

C. .both Spanis.h'Snd English 

Pregunta 1 2 . Prefiero que nuestra leccion sea conducida 
en: . * ^ 

A. espanol - ' ' - 

^ ' B.^ tngles , . * 

C.' ingl es y espanol 

As indicated in Table 7, of lOT responde^nts 11 percent selected A, 

31 percent selected B .and 58 percent selected C. In th^e test of 

significance, there was a difference between A and B, A and C, 

B and C. At the .05 level C was preferred over A and B. » 



Jjuestton 13 t If I had my cHoice I would go to a school 



where :. 



A', "only Spanish is used in the classroom. 

B. only English is used in the classroom 

C. - bath English and Spanish are usedin the classroom . 

* Pregunta J 3 '. Si tuvieM oportunida^pref eria ir a una 

es'euela. donde: - *, * -.-^V^ ~ 

A. >- se use so>ime^te W,pan61 en las clases 

B. . se usa ,s"'al amfen'ta lingt^s en las clasps 
. C. 's6 '^sa *1n£j^s.;y espatfo]^ en las clases 

A? indicated iii Table 7, of 101. respon'i3ents 5 fercent selected A,' 
12 percent sel ected' B 'and'^^, , percent selected C. In the test of 
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significance, there was a difference- between A and B, A" and C, 
B and C, At the .05 level C v/a*s preferre<l over A and B, 

Question 14 . I am able to paV attention better to the 
classwork when the instruction is in: ' * 

A. Spanish 

B. English 

C. both Spanish antl English 

Pregunta '1 4 . Pongo atencion mejor cuando la ins'truccion 
en 1 a clase es en : ' • ' . 

A. espaTfol 

B. ingles 

C. ingles y espaflol 

As indicated in Table 7, of 101 respondents 10 percent selected A, 
3~1 percent selected B and 59. percent selected C. 'In the test of 
significance, there was a difference between A and B, A and C, y 
B and C. At the .05 level C was preferred over A and B. 
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